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1.0 INTRODUCTION 

1.1 BACKGROUND 

The U.S. Environmental Protection Agency's (EPA's) Office of Solid Waste (OSW), 
as directed by Congress in the Hazardous and Solid Waste Amendments of 1984 to the 
Resource Conservation and Recovery Act (RCRA), has undertaken an investigation of the 
Petroleum Refining Industry. This investigation was also mandated by a 1994 consent decree 
resulting from litigation brought by the Environmental Defense Fund (EDF). The consent 
decree identifies 14 specific residuals for which the Agency must make listing determinations 
and an additional 15 residuals that the Agency must study. These 29 residuals, subsequently 
referred to as the Residuals of Concern (RCs), are listed in Table 1.1. As a result of the 
consent decree, the Agency embarked on a three-year project to determine whether these 29 
RCs pose a threat to human health and the environment and to develop a basis for making 
such a determination. This background document presents the information collected to 
support the 14 listing determinations. 

The Petroleum Refining Industry was previously studied by OSW in the 1980s. This 
original effort involved sampling and analysis of a number of residuals at 19 sites, 
distribution of a RCRA §3007 questionnaire to 180 refineries (characterizing the industry' as 
of 1983), and, ultimately, a listing determination effort focused on wastewater treatment 
sludges, culminating in the promulgation of hazardous waste listings F037 and F038 
(respectively, primary and secondary oil/water/solids separation sludges from petroleum 
refining). 

As part of the Agency's current investigation of residuals from petroleum refming, the 
Agency conducted engineering site visits to 20 refmeries to gain an understanding of the 
present state of the industry. These 20 refmeries were randomly selected from the 185 
refineries operating in the continental United States in 1992. Familiarization samples of 
various residuals were collected at 3 refineries to obtain data on the natUre of the RCs and to 
identify potential problems with respect to future analysis. The Agency then conducted 
record sampling and analysis of the RCs. During the record sampling timeframe, an 
additiona!6 facilities were randomly selected to increase sample availability. Approximately 
100 record samples were collected and analyzed. Concurrently, the Agency developed, 
distributed and evaluated a census survey of the industry. Science Applications International 
Corporation (SAIC) (EPA Contract No. 68-W4-0042) has been contracted to assist 
EPA/OSW in the characterization and evaluation of these residuals. 
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Table 1.1. Pc~rolcum Ref"Ining Residuals ldentilled in the EDF/EPA Consent Decree 

Sludges\Sediments; . 
Clarified slurry oil sediments and filter solids from catalytic cracking (L) (CSO sludge) 
Unleaded storage tank sediments (L) 
Crude storage tank sediments (L) 
Process sludge from sulfur complex and H2S removal facilities (L) (sulfur complex sludge) 
Sludge from HF alkylation (L) 
Sludge from H,so. alkylation (L) 
Desalting sludge from crude desalting (S) 
Residual oil storage tank sludge (S) 
Process sludge from residual upgradi!li (S) 

Catalysts: 
Catalyst from catalytic hydrotreating (L) 
Catalyst from catalytic reforming (L) 
Catalyst and fines from catalytic cracking (L) (FCC catalyst and FCC fines) 
Catalyst from catalytic hydrorefming (L) 
Catalyst from H,S04 alkylation (L) 
Catalyst from sulfur complex and H2S removal facilities (L) (Claus and tail gas treating 
catalysts) 
Catalyst from extraction/isomerization process (S) 
Catalyst from catalytic hydrocracking (S) 
Catalyst from polymerization (S) 
Catalyst from HF alkylation (S) 

Off-Spec Products: 
Off-spec product and fines from thermal processes (L) 
Off-spec product and fines from residual upgrading (S) 
Off-spec product from sulfur complex and H2S removal facilities (S) 

Treating Clays: 
Treating clay from clay filtering (S) 
Treating clay from lube oil processing (S) 
Treating clay from the extraction/isomerization process (S) 
Treating clay from alkylation (S) 

Miscellaneous Residuals: 
Spent caustic from liquid treating (L) 
Off-spec treating solution from sulfur complex and H2S removal facilities (S) 
Acid-soluble oil from HF alkylation (S) 

L: Requires listing determination as per the EDFIEPA consent decree. 
S: Requires study as per the EDF/EPA consent decree. 
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1.2 EXISTING PETROLEUM REFINING LISTINGS 

As a result of past listing investigations, the Agency previously promulgated a series 
of listings that apply to the petroleum retlning industry. These listings are associated 
primarily with the refinery wastewater treatment systems. The consent decree residuals, in 
contrast, are not wastewater treatment residuals, although some of the residuals of concern 
are typically managed in the refmery wastewater treatment plants. The existing listings are 
described below: 

Hazardous Listing Description Date of 
Waste Pub. 
Listing 

K048 Dissolved air flotation (DAF) float from the petroleum refining 5/19/80 
industry ~T) 

K049 Slop oil emulsion solids from the petroleum refining industry (T) 5/19/80 

KOSO Heat exchanger bundle cleaning sludge from the petroleum 5/19/80 
refining industry (T) 

051 API separator sludge from the petroleum refming industry (T) 5/19/80 

K052 Tank bottoms (leaded) from the petroleum refming industry (T) 5/19/80 

F037 Petroleum refinery primary oiVwater/ solids separation sludge - 11/2/90 
Any sludge generated from the gravitational separation of 
oil/water/solids during the storage or treatment of process 
wastewaters_and oily cooling wastewaters from petroleum 
refmeries. 

Such sludges include, but are not limited to, those generated in: 
oil/water/solids separators; tanks and impoundments; ditches and 
other conveyances; sumps; and stormwater units receiving dry 
weather flow. 

Sludges generated in stormwater units that do not receive dry 
weather flow, sludges generated from non-contact once-through 
cooling waters segregated for treatment from other process or 
oily cooling waters, sludges generated in aggressive biological 
treatment units as defined in §261.3l(b)(2) (including sludges 
generated in one or more additional units after wastewaters have 
been treated in aggressive biological treatment units) and K051 
wastes are not included in this listing. 
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Hazardous Listing Description Date of 
Waste Pub. 
Listing 

F038 Petroleum refmery secondary (emulsified) oil/water/solids 11/2/90 
separation sludge - Any sludge and/or float generated from the 
physical and/or chemical separation of oil/water/solids in process 
wastewaters and oily cooling wastewaters from petroleum 
refineries. 

Such wastes include, but are not limited to, all sludges and floats 
generated in: induced air flotation (IAF) units, tanks and 
impoundments, and all sludges generated in DAF units. 

Sludges generated in stormwater units that do not receive dry 
weather flow, sludges generated from non-contact once-through 
cooling waters segregated for treatment from other process or 
oily cooling wal.t:rs, sludges and floats generated in aggressive 
biological treatment units as defined in §261.31(b)(2) (including 
sludges and floats generated in one or more additional units after 
wastewaters have been treated in aggressive biological treatment 
units) and F037, K048, and KOSI wastes are not included in this 
listing. 

··-

Section 261.3(a)(2)(iv)(C) exempts KOSO from the definition of hazardous waste when 
mixed with wastewater discharged under either section 402 or 307(b) of the Clean Water 
Act. 

Section 261.4(a)(7) exempts spent sulfuric acid used to produce virgin sulfuric acid, 
unless it is accumulated speculatively as defined in §261.l(c). Spent sulfuric acid is one of 
the listing residuals of concern. 

1.3 OTHER EPA REGULATORY PROGRAMS IMPACTING THE PETROLEUM 
REFINlNG INDUSTRY 

Each of EPA's major program offices has long-standing regulatory controls tailored to 
Uu; petroleum refining industry. Some of the more significant programs with some relevance 
to OSW' s listing determinations include: 

• The Clean Air Act's Benzene NESHAPs, designed to control benzene releases 
from process and waste management units. 

• The Clean Air Act's National Ambient Air Quality Standards (NAAQS), 
which prescribe limits for SOx, CO, particulates, NOx, VOCs, and ozone. 
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• The Clean Air Act's NESHAPS for Petroleum Refineries (40 CFR Part 63 
Subpart CC. August 18, 1995, 60 FR 43244, designed to control hazardous air 
pollutants (HAPs). 

• Fuel specification rules established under the Clean Air Act which set the 
acceptable composition of gasoline and diesel fuel. 

• The Clean Water Act sets specific technology-based limits and water quality
based standards for discharges to surface waters and POTWs. 

• The Toxicity Characteristic, particularly for benzene, in combination with the 
F037/F038 sludge listings. has had a significant impact on the industry's 
wastewater treatment operations, forcing closure of many impoundments and 
redesign of tank-based treatment systems. 

• The LDR Program, including the ongoing Phase ill and IV development work. 
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2.0 INDUSTRY DESCRIPTION 

2.1 PETROLEUM REFINING INDUSTRY PROFILE 

In 1992, the U.S. petroleum refining industry consisted of 185 refineries owned by 91 
corporations. Figure 2-1 illustrates the distribution of refineries across the country. 
Refinenes can be classified in tenns of size and complexity of operations. Forty-four 
percent of the refineries process less than 50,000 barrels per day of crude, while the 20 
largest companies account for 56 percent of the nation's total refming capacity. 

The simplest refineries use distillation to separate gasoline or lube oil fractions from 
crude, leaving the further refining of their residuum to other refineries or for use in asphalt. 
Approximately 18 percent of the U.S.'s refmeries are these simple topping, asphalt, or lube 
oil refineries. More sophisticated refineries will have thennal and/or catalytic cracking 
capabilities, allowing them to extract a greater fraction of gasoline blending stocks from their 
crude. The largest refmeries are often integrated with chemical plants, and utilize the full 
range of catalytic cracking, hydroprocessing, alkylation and thermal processes to optimize 
their crude utilization. Section 3.0 describes the major unit operations typically found in 
refining operations. 

The refining industry has undergone significant restructuring over the past 15 years. 
While the total national refining capacity dropped 17 percent since 1980 to 15 million barrels . 
per day, the number of refineries dropped 45 percent from 311 in 1980 to approximately 171 
active in 1992. Refinery utilization rates over the 1980 to 1992 period rose from 75 percent 
to 90 percent. (API, 1993). Very few new refmeries have been constructed in the past 
decade; the industry instead tends to focus on expansions of existing plants. 

The facilities closed fended to be smaller, inefficient refineries. Larger existing 
facilities with capacities over 100,000 bbl/day have increased production to off-set the facility 
closings. 

The data presented above indicates that the petroleum refining industry has been going 
through a consolidation, which has resulted in a large decrease in the number of refineries in 
the United States, but only a slight decrease in production. It is expected that this trend will 
continue, with refineries continuing to close, but expansions occurring at others, keeping the 
total refinery capacity in line with demand for refinery products. 

In addition to restructuring, the industry is adding and changing production 
operations. Although atmospheric and vacuum distillation, catalytic cracking, and their 
associated treating and reforming operations will remain the primary refinery operations, new 
production operations continue to be added. These include coking and desulfurization 
processes. 

Many of these process changes are being implemented as a result of two factors: (1) 
today's crudes tend to be heavier and contain higher levels of sulfur and metals, requiring 
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pr~X,;ess modifications, and (2) a sc::ries of important pollution control n::gulalions have been 
implemented, including new gasoline reformulation rules designed to reduce the amount of 
volatile components in gasoline, and new regulations requiring low-sulfur diesel fuels. These 
heavier crudes and new rules are causing refineries to make process modifications to their 
catalytic cracker units, as well as installing additional sulfur removal hydrotreaters and unit 
processes to manufacture additives. 
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Figure 2.1. Gtlographical Distribution of U.S. Refineries 
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2.2 INDUSTRY STUDY 

OSW' s current listing determination for the petroleum refining industry has been 
underway since 1992 and can be characterized in terms of two major avenues for information 
collection: field work and survey evaluation. As part of the Agency's field work, 
engineering site visits, familiarization sampling, and record sampling were conducted. The 
survey effort included the development, distribution, and assessment of an extensive industry
wide RCRA §3007 survey. Each of these elements is described further below, reflecting the 
relative order in which these activities were conducted over the past three years. 

2.2.1 Engineering Site Visits 

EPA's field work activities were initiated with a series of engineering site visits. The 
primary purpose of these visits was to gather information about the 29 consent decree 
residuals and to identify appropriate sampling locations. After considering logistical and 
budgetary constraints, the Agency determined that it would conduct engineering site visits at 
20 refineries prior to record sampling. 

The Agency defined a site selection procedure that was used in selecting the 20 site 
visits from the population of 185 domestic refineries in the continental U.S.. The objectives 
of the selection procedure were: 

• to ensure that the characterization data obtained from residuals at the 20 selected 
facilities could be used to make valid, meaningful statements about those residuals 
industry-wide. 

• to give the Agency flrst-hand exposure to both large and small refineries. 

• to be fair to all domestic refineries. 

The Agency chose to select facilities randomly rather than purposefully. Although a 
randomly selected group of refineries may not offer as many sampling opportunities as a 
hand-picked group, the Agency favored random selection because it did not require 
subjective input, and also because it lends itself to statistical analysis, which is useful in 
making general statements about the population of residuals. 

The Agency broke the industry into two strata based on atmospheric distillation 
capacity and made random selections from each stratum independently. The high-capacity 
stratum contains the top 30% of refineries, which together account for 70% of the refining 
industry's capacity. The stratification enables the Agency to weigh the selection toward the 
larger facilities on the basis that they produce larger volumes of residuals, and that they offer 
a larger number of residual streams per site visit. The Agency chose to select 12 of the 20 
site visits, 60%, from the high-capacity stratum. The smaller facilities had a lower chance of 
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being selected, but not as low as they would have if the likelihood of selection was based 
strictly on size. The selected facilities ate presented in Table 2.1 1• 

An engineering site visit report was developed for each of the trips; these ate 
available in the CBI and non-CBI dockets, as appropriate. For the later site visits conducted 
in 1994 and 1995, the engineering site visit reports were combined with the analytical data 
reports prepated for each facility. The site visit reports included the following elements: 

• Purpose of the site visit 

• Refinery summary, including general information gathered during the site visit, as 
well as data gleaned from telephone conversations and reviews of EPA files, the 
refmery's process flow diagram, and expected residual availability 

• A discussion of the processes used at the refinery generating the residuals of 
concern 

• Source reduction and recycling techniques employed by the refmery 

• A description of onsite residual management facilities 

• A chronology of the site visit. 

1 Upon initial cnntactwith UJvernl of the randomly ~lected refinerieg. it was detemtined that they were inappropriate 
candidales for site visits because they had stopped operation and were not generating any residuals of interest to the 
Agency. Replacement facilities were then selected randomly from the Sllllle stra,tum. 

The list of refineries slated for field investigations was expanded in June, 1994 to allow the Agency to till out 
certain categories of samples that proved to be difficult to find in the field. The fiual list presented in Table 2.1 
represents those refineries at which site visits actually occurred. 
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Table 2.1. Engineering Site Visit Facilities 

Refinery Location 

Amoco Oil Texas City, Texas 

Arco Ferndale, Washington 

Ashland Canton, Ohio 

Ashland Catlettsburg, Kentucky 

BP Oil Belle Chasse, Louisiana 

BP Oil Toledo, Ohio 

Chevron (purchased by Clark) 1 Port Arthur, Texas 

Chevron 1 Salt Lake City, Utah 

Conoco 1 Collllllerce City, Colorado 

Exxon Billings, Montana 

Koch St. Paul. Minnesota 

Little America Evansville, Wyonting 

Marathon Garyville, Louisiana 

Murphy Superior, Wisconsin 

Pe11112oil Shreveport, Louisiana 

Phibro Energy 1 Houston, Texas 

Rock Island (purchased by Marathon) Indianapolis, Indiana 

Shell Deer Park, Texas 

Shell Norco, Lou\s\ana 

Shell Wood River, Illinois 

Star Enterprise ' Convent, Louisiana 

Star Enterprise 1 Port Arthur, Texas 

Sun Philadelphia, Pennsylvania 

Texaco Anacortes, Washington 

Total Ardmore, Oklahoma 

Young Douglasville, Georgia 

1 Refinery selected to augment record sample availability. 
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Initial Site Visit Date 

March 29, 1993 

June 9, 1993 

May 24, 1993 

March 22, 1993 

May 3, 1993 

May 26, 1993 

August 31, 1994 

February 21, 1995 

To be determined 

June 9, 1993 

May 19. 1993 

June 8, 1993 

April 22, 199~ 

May 17, 1993 

MayS, 1993 

April 20, 1995 

April 26, 1993 

March 31, 1993 

AprU 20, 1993 

May 28, 1993 

August 30, 1994 

September 21, 1994 

May 12, 1993 

lune 10, 1993 

June 23, 1993 

June 21, 1993 

October 31, 1995 



2.2.2 RCRA §3007 Questionnaire 

EPA developed an extensive questionnaire under the authority of §3007 of RCRA for 
distribution to the petroleum refming industry. A blank copy of the survey instrument is 
provided in Appendix A. The questionnaire was organized into the following areas: 

• Corporate and facility information 
• · Crude oil and product information 
• Facility process flow diagram 
• Process units: general information 
• Process units: flow diagrams and process descriptions 
• Residual generation and management 
• Residual and contaminated soil and debris characterization 
• Residual management units: unit-specific characterization 
• Unit-specific media characterization 
• General facility characterization (focusing on exposure pathway characterization) 
• Source reduction efforts 
• Certification 

The survey was distributed in August 1993 to all refineries identified as active in 
1992 in the DOE Petroleum Supply Annual. Of the 185 surveys distributed, completed 
responses were obtained for 172 refineries. An additionall3 refmeries notified EPA that 
they had stopped operations at some point in or after 1992 and thus were unable to complete 
the survey due to no staffing or inaccessible or unavnilnble data. 

The completed surveys were reviewed by SAIC chemical engineers for completeness 
and then entered into a n:lational data base known as the 1992 Peu-oleum Refming Data Bast: 
(PRDB). The entries were subjected to a series of automated quality assurance programs to 
identify inappropriate entries and missing data links. An exhaustive engineering review of 
each facility's response was then conducted, resulting in follow-up letters to most of the 
industry seeking clarifications, corrections, and additional data where needed. The responses 
to the followup letters were entered into the database. A wide variety of additional quality 
assurance checks were run on the data, with added emphasis on the listing residuals, to 
ensure that the residuals of concern were characterized as completely and accurately as 
possible. Follow-up telephone interviews were conducted as necessary to address remaining 
data issues. After extensive review, the Agency believes that the data are reliable and 
represent the industry's current residual generation and management practices. 

Table 2.2 describes the survey results for each of the listing residuals of concern, 
sorted by total volume generated in metric tons (MT). 
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Table 2.2. Listing Residuals Volume Statistics 

II of Reported Total 
Listing Residual Description Residuals Volume (MT) 

Catalyst from H2SU4 Alkylation 56 
Spent Caustics from Liquid Treating 631 
Off-Spec Product and Fines from Thermal Process 90 
FCC Catalyst 179 
FCC Fines 105 
CSO Sediments 42 
Crude Oil Tank Sediments 99 
Catalyst from Hydrorefining 73 
HF Alkylation Sludie 33 
Sulfur Complex Sludge (other than Stretford) 268 
Catalyst from Hydrotreating 184 
Catalyst from C.laus Unit 93 
Unleaded Gasoline Tank Sediments 125 
Catalyst from Reforming 104 
Sulfuric Acid Alkylation Sludge 13 
Tail Gas Treating Catalyst (SCOTI'-like) 23 

2.2.3 Familiarization Sampling 

1,760,071 
917,656 
194,262 
124,061 
67,816 
24,010 
22,017 
18,634 
11,288 
8,520 
5,640 
3,819 
3,583 
3,613 

608 
361 

The early phases of the analytical phase of this listing detennination consistea or me 
development of a Quality Assurance Project Plan (QAPjP) for sampling and analysis, 
followed by the collection and analysis of five "familiarization" samples. The purpose of 
collecting these samples was to assess the effectiveness of the methods identified in the 
QAPjP for the analysis of the actual residuals of concern. Due to the high hydrocarbon 
content of many of the RCs, there was concern at the outset of the project that analytical 
interferences would prevent the contracted laboratory from achieving adequate quantitation 
limits; familiarization analysis allowed the laboratories to experiment with the analytical 
methods and waste matrices and optimize operating procedures. 

In addition, the first version of the QAPjP identified a list of target analytes that was 
derived from previous Agency efforts to characterize refinery residuals. These included the 
Delisting Program's list of analytes of concern for refinery residuals, the "Skinner List", an 
evaluation of compounds detected in the sampling and analysis program for listing refinery 
residuals in the 1980s, and the judgement of EPA and SAIC chemists who evaluated the 
process chemistry of the residuals of concern. During familiarization sample analysis, 
particular attention was paid to the tentatively identified compounds to determine whether 
they should be added to the target analyte list. 
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Samples of five listing residuals were collected for familiarization analysis: crude oil 
tank sediments, hydrotreating catalyst, sulfur complex sludge, H2S04 alkylation catalyst, and 
spent caustic. One study residual, acid soluble oil, was analyzed under this program. The 
results of the familiarization effort essentially confirmed the techniques identified in the 
QAPjP and indicated that the laboratories generally would be able to achieve adequate 
quantitation of the target analytes. The familiarization and final QAPjPs are provided in 
docket tu this proposed rulemaklng. 

2.2.4 Record Sampling 

Upon completion of the familiarization sampling and analysis effort, the Agency 
initiated record sampling and analysis of the listing and study residuals. Given budgetary 
constraints, the Agency set a goal of collecting 4-6 samples of each of the listing residuals, 
and 2-4 samples of the study residuals for a total of 134 samples2• Table 2.3 shows the 103 
samples that were actually collected. The numbers in the darkened boxes refer to Table 2.4 
which lists each of the sample numbers, sample dates, facility names, and other information 
describing the residual samples. 

The sampling team maintained monthly phone contact with the targeted refineries to 
maintain an optimized sampling schedule. Despite careful coordination with the refineries 
and best efforts to identify and collect all available samples, there were several categories for 
which the targeted minimum number of samples could not be collected: 

• Three samples of unle.ade.d gasoline tank sediments were collected. This residual 
is available only for a brief period during tank turnarounds, which may occur 
only every 10 years. In several cases, refmeries informed EPA of planned tank 
turnarounds only to fmd no sediments upon opening the tanks for inspection. See 
Section 3.1.2. 

• Three samples of hydrorefining catalyst were collected. As with the unleaded 
gasoline tank sediments, this residual is only generated on a periodic basis (e.g., 
every 3-5 years). Heroic efforts to locate additional samples were not expended 
because of the expected similarity between this residual and hydrotreating 
catalyst, for which 6 samples were successfully collected. As illustrated above in 
Table 2.2, the PRDB indicates that there were over twice the number of 
hydrotreater turnarounds (and catalyst generation events) as there were 
hydrorefmers. 

• One sample of sulfuric acid alkylation sludge was collected. As is discussed 
further in Section 3.5.3, the Agency believes that this residual was 

2 The Agency determined that one listing residual, catalyst from sulfuric acid alkylation, would not be sampled due 
to the existing rogulo.tory cxcn'lption for sulfuric:: acid destined for reclamation, and that one study rosidualt cataly8t frow 
HF alkylation, would not be sampled because the Agency believed it had been classified as a residual of concern 
inappropriately based on erroneous old data. 
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inappropriately misclassified as a listing residual due to the evaluation of 
inaccurate old data. This residual is not readily available, and was extremely 
difficult to find. 

Each of the samples collected was analyzed for the total and TCLP concentrations of 
the target analytes identified in the QAPjP. In addition, certain residuals were tested for 
different characteristics based on the Agency's understanding of the residuals developed 
during the engineering site visits. Each sample was also analyzed for the ten most abundant 
nontarget volatile and the 20 most abundant nontarget semi-volatile organics in each sample. 
These tentatively identified compounds (TICs) were not subjected to QA/QC evaluation (e.g., 
MS/MSD analyses) and thus were considered tentative. The TIC results are available in the 
analytical data reports in the public docket to the proposed rule. 

2.2.5 Split Samples Analyzed by API 

The American Petroleum Institute (API) accompanied the EPA contractor (SAIC) on 
virtually all sampling trips and collected split samples of many of the record samples. API' s 
analytical results for a number of the samples were made available to EPA for comparison 
purposes. In general, the Agency found that the API and EPA split sample analyses had 
very good agreement. Appendix B presents the Agency's comparison of the split sample 
results. 
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Table 2.3. Residuals Collected for Record Analysis 

Exhibit 2. Impact of Potential Fall Sampling Opportunities oo the 
Petroleum Refining Listing Determinations and Industry Study Sampling Effort 

Record Samples 

Listing Residuals 

Study Residuals 

Notes: 
Sulfuric Acid Alkylation catalyst is not presented in this figure. One 
familiarization sample of sulfuric acid catalyst was captured and analyzed. 
HF catalyst is constant boiling mixture (CBM) and is not shown in this fignre. 
ASO is polymer. 
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Sept. 21, !995 

Familiarization 

Samples 

October 31, !995 



Table 2.4. Descriptions of Samp • ..s Collected for Record Analysis 

Petroleum Refmi•g Listing Determina;ions and Industry Study 
Exhibit 2. List of Samples Captured to Date 

R..,..rd Samples 

Sample 
{;Ql!llt Residual Name N!!nJbg 

FCC catalyst and fines R2-FC-Ol 

2 Off-spec sulfur R2-SP-Ol 

3 Catalyst from refonning R2-CR-Ol 

4 Catalyst from hydrocracking R2-CC-02 

5 Desalting sludge Rl-DS-01 

6 Catalyst from hydrotreating RI-TC-01 

7 Treating clay Rl-CF.OI 

8 Off-spec sulfur Rl-SP-01 

9 Catalyst from sulfur complex RI-SC.Ol 

10 Sulfur complex sludge Rl-ME.OI 

II Process sludge from residual upgrading Rl-RU.OI 

12 FCC catalyst and fmes R4-FC-01 

13 FCC catalyst and fines R4-FC-02 

14 CSOsludge R4-SO-Ol 

15 Catalyst from sulfur complex R4-SC.Ol 

16 Spent caustic R3-LT-Ol 

17 Spent caustic R3-LT-02 

18 ASO R3-AS-Ol 

19 HF allqlation sludge R3-HS-OI 

20 Treating clay from alkylatim R3-CA-Ol 

21 Catalyst from hydrorefming RS-TC-01 

22 Catalyst from refonning RS-CR-01 

23 Catalyst from sulfur complex RS-SC-01 

24 Cataly>t from sulfur complex RS-SC-02 

25 Sulfur complex sludge RS-ME-02,03 

26 FCC catalyst and fines RS-FC-02 

27 FCC catalyst and fmes R6-FC-01 

28 FCC catalyst and fines R6-FC-02 

29 Sulfur complex sludge R6-ME-OI 

30 Off-spec product & fines from thermal process R6-TP-OI 

31 Treating clay R6-CF-Ol 

Sample 

l2llk 

30-Sep-93 
30-Sep-93 

01-0ct-93 

04-0ct-93 

26-0ct-93 
26-0ct-93 
27..0Ct-93 

27-0ct-93 
27-0ct-93 

27-0ct-93 

27-0ct-93 

16-Nov-93 

16-Nov-93 
16-Nov-93 

16-Nov-93 

18-Nov-93 

18-Nov-93 

18-Nov-93 
18-Nov-93 

18-Nov-93 
07-Feb-94 

07-Feb-94 

07-Feb-94 

07-Feb-94 
07-Feb-94 

07-Feb-94 

09-Feb-94 

09-Feb-94 
09-Feb-94 

09-Feb-94 
09-Feb-94 

17 

21-Sep-95 

~ 

ESP Fines. 
Taken from low spots on the UJit. 
Platinum catalyst 

2ud stage, Ni/W. 
Removerl from vessel. 

Naphtha reformer pretreat, CcMo. 
Kerosene. 
From product lank 
Al203. 

MEA reclaimer bol:oms. 

ROSE butane surge tank sludge. 

Equilibrium cat from hopper. 
ESP fines. truck tra:ler comp. 

Tank sludge from p•d. 

Claus tmit alwnina, super sack comp. 
Tank samp. Cresylic, concentrated. 

Tank samp. Sulfidic, concentrated. 

Rclillm 

Shell, Wood River, Illinois 
Shell, Wood River, lllinois 

Shell, Wood River, Illinois 

Shell, Wood River, Ulinois 

Marathcn, Indianapolis 
Marathcn, ludianapolis 
Marathcn, Indianapolis 

Marathon, lndiw•apolis 
Marathon, lndianopolis 

Marathon, Indianapolis 

Marathon, Indianapolis 

Lillie America, Evansville, Wy 
Little America, Evansville, Wy 
Little America, Evansville, Wy 

Litde America, Evansville, Wy 

Exxon, Billings, Montana 

Exxon, Billings, Montana 

Non-neutralized, seyarator drum sample Exxon, Billings, Montana 

Not dew•tered. Dredge from pit Exxon, Billings, Montana 
HF. Propme treater. Drum composite. 
Heavy G•s Oil, CoMo 

CCR fines, Pt 

Claus 

Tail gas, CoMo 

Refmery MDEA filter cartridge 

Wet Scrul>ber Fines 
Equil. from unit 

Wet scrubber fines 

Refmery DEA filter cartridge 

Coke fines. 
Kerosene 

Exxon, Billings, Montana 
Marathon, Garyville, LA 
Marathon, Garyville, LA 

Maratlwn, Garyville, LA 

Marathoo, Garyville, LA 
Marathoo, Garyvdle, LA 

Marathon, Garyville, LA 
Shell, Norco, LA 
Shell, Norco, LA 

Shell, Norco, LA 

Shell, Norco, LA 
Snell, Norco, LA 



Table 2.4. Descriptions of Samples Collected for Record Analysis (continued) 

32 Spent caustic R6-LT-Ol 09-Feb-94 Naph. Comb. Gas oil & Kero Shell, Norco, LA 
33 Crude oil tank sludge R6B-CS-OI 15-Mar-94 Mix of cwlrifuge ard uncenlrifuged Shell, Norco, LA 
34 Unleaded gasoline tank sludge R6B-US-01 March31, 94 Water washed solids, collectee by refiner Shell, Norco, LA 
35 Catalyst from polymerization R6B-PC-01 March 15,94 Dimersol filter Shell, Norco, LA 
36 Catalyst from hydrorefming R7B-RC-Ol March 14,94 Diesel hydrorefiner BP, Belle Chase, V\ 
37 Catalyst from refcrrning R?B-CR-01 March 14,94 Platinwn BP, Belle Chase, Ll\ 
38 ASO RSB-AS-01 March 16,94 Acid regw settler OOttoms, not neutralize Marathm, Garyville, LA 
39 Catalyst from isomerization RSB-IC-01 March 16,94 Butamer, platinmn Marathm, Garyville, LA 
40 Off-spec sulfur R?B-SP-01 March 1<, 94 From cleaned out tank BP, Belle Chase, LA 
41 Residual oil tank sludge RSA-RS-01 April30, 94 CSO aod Resid. Amoco, Texas Cit) 
42 Unleaded gasoline tank sludge RSA-US-01 Aprill4, 1994 Collected by refmecy Amoco, Texas Cit} 
43 Catalyst from hydrocracking RSA-CC-01 March3U, 94 Hydroproo., l st stage cracker, CoMo Amoco, r exas City 
44 Catalys; from hydrotreating RSA-TC-01 March3U, 94 NiMo, landfilled Amoco, Texas City 
45 Off-spec product & fmes from tlrermal processes RSA-TP-01 March30, 94 Fines, F&K processed Amoco, Texas City 
46 H2S04 alkylation sludge RSB-SS-01 April30, 94 From Frog pond, not dewatered Amoco, Texas City 
47 HF alk)lation sludge RSB-HS-01 April30, 94 Not dewaiered, dredged Amoco, Texas City 
48 Catalyst from isomerization RSB-IC-01 April30, 94 Butamer, Pt Amoco, Texas City 
49 CSOsludge R9-SO-O I ,02 May 17,94 Filters (ar.d blank) Murphy, Superior, WI 
50 Desaltiag sludge R9-DS-Ol May 17,94 Murphy, Superior, WI 

51 HF alkylation sludge R9-HS-Ol May 17,94 Murphy, Superior, WI 
52 Catalyst from sulfur complex R7B-SC-01 March 14,94 SCOT catalyst BP, Belle Chase, LA 
53 Crude cil tank sludge RIO-CS-01 August 26, 94 Ashland, Catletsburg, KY 
54 Catalyst from sulfur complex R11-SC-Ol May 10,94 SCOT, CoMo ARCO, Ferndale, WA 

55 Catalyst from hydrotreating Rli-TC-01 May 10,94 NiMo, naphtha treater ARCO, Ferndale, WA 

56 Catalyst from refotming Rll-CR-01 May 10,94 Pt/Rh ARCO, Ferndale, WA 

57 Treating clay RII-CF-01 May 10,94 Reformer sulfur trap ARCO, ferndale, WA 

58 Speotamine Rli-SA-01 May 10,94 DEA ARCO, ferndale, WA 

59 Off-spec product & fines from thermal processes. Rll-TP-01 May 10,94 Coke fines ARCO, ferndale, WA 

60 Treating clay from lube oil RIJ-CL-01 April30,94 Clay dust Shell, Deer Park, TX 

61 Spent amine RI3-SA-01 April30,94 DEA Shell, Deer Park, TX 

62 Spent c.~ustic Rl3-LT-OI April30,94 Sulfidic Shell, Deer Park, TX 

63 Off-spec product & fmes from thennal processes RI2-TP-OI May 12,94 Coke fines, from trap Texaco, Anacortes, W A 

64 Spent caustic RI2-LT-OI May 12,94 Cresylic Texaco, Anacortes, W A 

65 Unleaded gasoline tank sludge Rl6-US-01 Aug 3, 94 Koch 

66 Catalyst from polymerization RI6-PC-OI ,Q2 Aug3, 94 2 catalysts from Dimersol and H2P04 Koch 

67 Crude oil tank sludge RSC-CS-01 Jul, 94 collected by refinery from lank bottom Amoco, Texas City 

68 Treating clay from extraction RSD-Cf-01 November ;s, 94 collected by refinery Amoco, Texas City 

69 Catalyst from hydrotreating RIS-TC-01 October 20, 94 naptba Ashland, Canton, Oil 

lb 



Table 2.4. Dtscriptions of Samplea Jllected for Record Analysis (rontinued) 

70 Sulfur complex sludge RIS-ME-01 October 14, 94 MEA sludge, collected by reline1y Ashland, Canton, 011 
71 Catalyst from isomerization RI8-IC-OI October 20, 94 Pen ex Ashland, Canton, 01[ 
72 CSOsludge RJB-CS-01 August 26, 94 mixed CSO/res1d Marathon. Indianapolis 
73 Crude oil tank sludge R4B-CS-01 August 25, 94 Filter cake sludge Little America 
74 HF alkylation sludge RI5-HS-01 Aug2, 94 Dredged from pit Total, Ardmore, OK 

75 Catalyst from reforming R15-CR-OI Aug2, 94 CCR fines Total, Ardmore 

76 Treating clay from alkylation RIS-CA-01 Aug2, 94 Butane Total, Ardmore 

77 ASO R15-AS-01 Aug2, 94 Neut., skimmed from pit Total, Ardmore, OK 
78 Spent amine R15-SA-OI Aug2, 94 MDEA Total, Ardmore, OK 

79 Catalyst from reforming RI4-CR-OI June 7, 94 Cyclic Pt tefonner BP, Toledo, OH 

80 Sulfur complex sludge Rl4-ME-OI June 7, 94 DEA diatomaceous earth BP, Toledo, OH 

81 Off-spec product &. fmes from thermal processes Rl4-TP-OI June 7, 94 Delayed coking lines BP, Toledo, OH 

82 Spent amine RI4-SA-01 June 7, 94 DEA from sump BP, Toledo, OH 

83 Catalyst from hydrotreating R3B-TC-Ol July 12, 94 Naptha treater Exxon, Billings, MT 

84 Off-spec product &. lines frorn thermal processes R3B-TP-01 July 12, 94 Fluid coker chunky coke Exxon, Billings, MT 

85 Catalyst from hydrorelining R2l-RC-Ol August 31, 94 Chevron, Port Arthtlf, TX 

86 Treating clay from alkylation R21-CA-01 August 31, 94 Chevron, Port Arlhllf, TX 

87 Catalyst from bydrocracking R20-CC-01 August 3C, 94 H-Oil uni~ moving ted Star, Convent, LA 

88 CSOsludge R20-SO-Ol August 3C, 94 Star, Convent, LA 

89 Crude oil tank sludge Rl9-CS-01 September, 94 BP, Belle Chose, LA 

90 Desalting sludge RIIB-DS-01 September, 94 to be collected by refinery ARCO, Ferndale, WA 

91 Crode oil tank sludge R22-CS-Ol September 21, 94 Star, Port Arthur, TX 

92 Residual oil tank sludge R22-RS-Ol September 21, 94 Star, Port Arthur, TX 

93 ASO R7C-AS-OI October 12, 94 BP, Belle Chase, LA 

94 Catalyst from hydrotreating R22-TC-Ol September 21, 94 Star, Port Arthw-, TX 

95 Spent caustic R22B-LT-Ol October 11,94 caustic fr<m H2S04 alky, sulfidic Star, Port Artbw-, TX 

96 HF alkylation sludge R7C-HS-Ol October 12, 94 Filter press BP, Belle Chase, LA 

97 Catalyst from isomerization R23B-Cl-OI April19, 1995 Ptcatalyst Chevron, Salt Lake City 

98 Treating clay from isomerizlltion R23B-IC-Ol April19, 1995 Mole sieve, butarner feed !realer Chevron, Salt Lake City 

99 Treating clay from alkylatior. R23-CA-Ol January 17, 95 propane treater Chevron, Salt Lake City 

100 Off-spec sulfur R23-SP-OI January 17, 95 Chevron, Salt Lake City 

101 Treating clay from clsy filtering R23-CF-OI January 17, 95 diesel washed · Chevron, Salt Lake City 

102 Desalting sludge R24-DS-Ol April 20, 1995 Sludge fran Lakos S<parator Phibro, Houston, TX 
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Table 2.4. Descriptions of Samples Collected for Record Analysis (continued) 

Familiarization Samples 
Fl Spent Caustic A-SC-01 08-May-93 Cominglod. Maratlwn, Garyville 
F2 Catalyst from hydrotreating A-HC-01 10-May-93 Cobalt n:olybdemun. Marathon, Garyville 
F3 Sulfur complex sludge C-SS-01 23-Jun-93 MEA Reclaimer sludge. Amoco, Texas City 
F4 ASO C-AS-01 23-Jun-93 Neutralized. Amoco, Texas City 
FS Crude oil tank sludge B-TS-01 15-May-93 Filter cale. Sun, Philadelphia 
F6 Sulfuric Acid Catalyst B-SA-01 15-May-93 Spent frcm third unit. Sun, Philadelphia 
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3.0 PROCESS AND WASTE DESCRIPTIONS 

Refineries in the United States vary in size and complexity and are generally geared 
to a particular crude slate and, to a certain degree, retlect the demand for specific products in 
the general vicinity of the refinery. Figure 3.1 depicts a hypothetical refinery that employs 
the major, classic unit operations used in the refinery industry. These unit operations are 
described briefly below, and in more detail in the remainder of this section. Each subsection 
is devoted to a major unit operation that generates one or more of the listing residuals of 
concern and provides information related to the process, a description of the residual and 
how and why it is generated, management practices used by the industry for each residual, 
the results of the Agency's characterization of each residual, and summary information 
regarding source reduction opportunities and achievements. 

Storage Facilities: Large storage capacities are needed for feed and products. 
Sediments can accumulate in these storage units. The consent decree identifies sediments 
(sludges) from the storage of crude oil, clarified slurry oil, and unleaded gasoline for 
consideration as listed wastes. Residual oil storage tank sediments were identified as a study 
residual. 

Crude Desalting: Clay, salt, and other suspended solids must be removed from the 
crude prior to distillation to prevent corrosion and deposits. These materials are removed by 
water washing and electrostatic separation. Desalting sludge is a study residual. 

Distillation: After being desalted, the crude is subjected to atmospheric distillation, 
separating the crude by boiling point into light ends, naphtha, middle distillate (light and 
heavy gas oil), and a bottoms fraction. The bottoms fraction is frequently subjected to 
further distillation under vacuum to increase gas oil yield. No residuals from distillation are 
under investigation. 

Catalytic Cracking: Catalytic cracking converts heavy distillate to compounds with 
lower boiling points (e.g., naphthas), which are fractionated. Cracking is typically 
conducted in a fluidized bed reactor with a regenerator to continuously reactivate the catalyst. 
Cracking catalysts are typically zeolites. The flue gas from the regenerator typically passes 
through dry or wet fines removal equipment prior to being released to the atmosphere. 
Catalyst and fmes, as well as sediments from storage of clarified slurry oil (the bottoms 
fraction from catalytic cracking), are listing residuals of concern. 

Hydroprocessing: Hydroprocessing includes (1) hydrotreating and hydroreiming 
(or hydrodesulfurization), which improve the quality of various products (e.g., by removing 
sulfur, nitrogen, oxygen, metals, and waxes and by converting olefms to saturated 
compounds); and (2) hydrocracking, which cracks heavy materials, creating lower~boiling, 
more valuable products. Hydrotreating is typically less severe than hydrorefining and is 
applied to lighter cuts. Hydrocracking is a more severe operation than hydrorefming, using 
higher temperature and longer contact time, resulting in significant reduction in feed 
molecular size. Hydroprocessing catalysts are typically some combination of nickel, 
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molybdenum, and cobalt. Typical applications of hydroprocessing include treating distillate 
to produce low-sulfur diesel fuel, treating naphtha reformer feed to remove catalyst poisons, 
and treating catalytic cracking unit feed to reduce catalyst deactivation. Hydrotreating and 
hydrorefining catalysts are listing residuals, while hydrucracking catalyst is a study residual. 

Thermal Processes: Thermal cracking uses the application of heat to reduce high
boiling compounds to lower-boiling products. Delayed {batch) or fluid (continuous} coking 
is essentially high-severity thermal cracking and is used on very heavy residuum (e.g., 
vacuum bottoms) to obtain lower-boiling cracked products. (Residuum feeds are not 
amenable to catalytic processes because of fouling and deactivation.) Products are olefinic 
and include gas, naphtha, gas oils, and coke. Visbreaking is also thermal cracking; its 
purpose is to decrease the viscosity of heavy fuel oil so that it can be atomized and burned at 
lower temperatures than would otherwise be necessary. Other processes conducting thermal 
cracking also would be designated as thermal processes. Off-spec product and fines is a 
listing category from these processes. 

Catalytic Reforming: Straight run naphtha is upgraded via reforming to improve 
octane for use as motor gasoline. Reforming reactions consist of (1) dehydrogenation of 
cycloparaffms to form aromatics and (2) cyclization and dehydrogenation of straight chain 
aliphatics to form aromatics. Feeds are hydrotreated to prevent catalyst poisoning. 
Operations may be semiregenerative, cyclic, or, less frequently, fully-regenerative, 
continuous, or moving bed catalyst systems. Precious metal catalysts are used in this 
process. Spent reforming catalyst is a listing residual. 

Polymerization: Polymerization units convert olefins (e.g., propylene) into higher 
octane polymers. Two principal types of polymerization units include fixed-bed reactors, 
which typically use solid-supported phosphoric acid as the catalyst, and Dimersol, units, 
which typically use liquid organometallic compounds as the catalyst. Spent polymerization 
catalyst is a study residual. 

Alkylation: Olefins of 3 to 5 carbon atoms (e.g., from catalytic cracking and coking) 
react with isobutane (e.g., from catalytic cracking) to give high octane products. Sulfuric 
(H2S04) or hydrofluortc (HF) acid act as catalysts. Spent sulfuric acid, sulfuric acid 
alkylation sludges, and HF sludges are listing residuals, while spent HF acid, acid soluble oil 
and treating clays are study residuals. 

Isomerization: Isomerization converts straight chain paraffins in gasoline stocks into 
higher octane isomers. Isomer and normal paraffms are separated; normal paraffms are then 
catalytically isomerized. Precious metal catalysts are used in this process. Spent catalysts 
and treating clays are study residuals from this process. 

Extraction: Extraction is a separation process using differences in solubility to 
separate, or extract, a specific group of compounds. A common application of extraction is 
the separation of hen7.ene from reformate. Treating clay is a study residual from this 
process. 
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Lube Oil Processing: Vacuum distillates are treated and refined to produce a variety 
of lubricants. Wax, aromatics, and asphalts are removed by unit operations such as solvent 
extraction and hydroprocessing; clay may also be used. Various additives are used to meet 
product specifications for thermal stability, oxidation resistances, viscosity, pour point, etc. 
Treating clay is a study residual from this process. 

Residual Upgrading: Vacuum tower distillation bottoms and other residuum feeds 
can be upgraded to higher value products such as higher grade asphalt or feed to catalytic 
cracking processes. Residual upgrading includes processes where asphalt components are 
separated from gas oil components by the use of a solvent. It also includes processes where 
the asphalt value of the residuum is upgraded (e.g., by oxidation) prior to sale. Off-spec 
product and fines, as well as process sludges, are study residuals from this category. 

Blending and Treating: Various petroleum components and additives are blended to 
different product (e.g., gasoline) specifications. Clay and c.austic may be use.d to remove 
sulfur, improve color, and improve other product qualities. Spent caustic is a listing 
residual, while treating clay is a study residual. 

Sulfur Recovery: Some types of crude typically contain high levels of sulfur, which 
must be removed at various points of the refining process. Sulfur compounds are converted 
to HzS and are removed by amine scrubbing. The H2S typically is converted to pure sulfur 
in a Claus plant. Off-gases from the Claus plant typically are subject to tail gas treating in a 
SCO'f® unit for additional sulfur recovery. Process sludges and spent catalysts are listing 
residuals; off-:spec product and off-spec treating solutions a.re study residuals. 

Light Ends (Vapor) Recovery: Valuable light ends from various processes are 
recovered and separated. Fractionation can produce light olefins and isobutane for 
alkylation, n-butane for gasoline, and propane for liquid petroleum gas (LPG). No residuals 
from this process are under investigation for either the listing determination or the study. 
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3.1 TANK STORAGE RESIDUALS 

Almost every refinery stores its feed and products in tanks onsite. Occasionally 
(every 10 to 20 years), tanks require sediment removal due to maintenance, inspection, or 
sediment buildup. These tank bottoms are removed by techniques ranging from manual 
shoveling to robotics and filtration. 

3.1.1 Crude Oil Storage Tank - Residual 1 

In 1992, U.S. refmeries reported approximately 1,200 crude oil storage tanks with an 
average tank volume of about 163,000 barrels. DOE's Petroleum Sup_ply Annual 1992 
reported refineries processed just under 5 billion barrels of crude oil or approximately 13.4 
million barrels per day. 

3.1.1.1 DescriptiQo 

Crude oil tank sediment consists of heavy hydrocarbons, basic sediment and water 
(BS& W), and entrapped oil that settles to the bottom of the tank. It can be manually re
moved directly from the tank after drainage of the crude or, commonly, removed using a 
variety of oil recovery techniques. The recovered oil is returned generally to crude storage 
while the remaining solids are collected and disc.arded as waste. 

Once a tank is taken out of service, many refineries use in situ and ex situ oil 
recovery techniques. Common in situ oil recovery techniques include hot distillate washing, 
and steam stripping. This allows entrapped oil to float to the top of the sediment layer and 
be recovered prior to removal of the sediment from the tank. Ex situ recovery methods are 
usually performed by a contractor at the tank site and include ftltration, centrifuging, and· 
settling. Separated oil is recycled back to the process or sent to the slop oil tanks, and the 
water phase is sent to the wastewater treatment plant (WWI'P). The solids are managed in a 
variety of ways, including disposal at Subtitle C and D landfills and in land treatment units. 

Many refineries reduce tank bottom buildup with in
tank mixers. Mixers keep the sediments or solids 
continuously in suspension so that they travel with the crude 
oil to the refining process. The solids are then carried to the 
desalter where the de-emulsifiers remove them from the 
crude. This increases the volume of desalting sludge generated. 

In 1992, thirty-three percent of the volume of crude tank bottom sediment was 
reported to be managed as hazardous. A majority of the residuals were reported as 
exhibiting the toxicity characteristic for benzene (0018) and/or were ignitable. 
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3.1.1.2 Generation and Management 

The refineries reported generating 22,017 MT of crude oil tank bottom sediment in 
1992. Residuals were assigned to IJe ".:rude ull tank ~ediment" if they were assigned a 
residual identification code of "crude oil tank sediment," corresponding to residual code 01-A 
in Section VII.2 of the questionnaire. Process wastewaters, decantates, and recovered oils 
(e.g., from deoiling or dewatering operations) were eliminated from the analysis. These 
correspond to residual codes 09, 10, and 13 (new) in the questionnaire. Quality assurance 
was conducted by ensuring that all crude oil tank sediments previously identified in the 
questionnaire (i.e., in Section v .D) were assigned in Section VII.2. Table 3.1.1 provides a 
description of the quantity generated, number of streams reported, number of unreported 
volumes, and average and 90th percentile volumes. 

Plausible management scenarios were chosen by EPA on which to perform the risk 
assessment modeling. The scenarios were chosen based on the numerous "high potential 
exposure" disposal practices currently used which negated the need for projecting 
hypothetical "plausible" mismanagement. Given the Agency's past experience with risk 
assessment modeling, the management practices summarized in Table 3.1.1 were reviewed to 
identify those practices likely to pose the greatest threats to human health and the 
environment. The selected management practices are: 

• Onsite land treatment (used for 12.2% of the sediments) 
• Offsite.land treatment (used for 0.9% of the sediments) 
• Offsite SubtitleD landfilling (10.6% of sediments) 

An onsite monofill scenario was rejected because of the intermittent (every 10 years) 
generation frequency which is not typical of waste that tends to be monofilled. 

A summary of EPA's reasoning in selecting pathways for quantitative risk assessment 
modeling is presented in Table 3.1.2. The Agency did not model interim storage of crude 
oil tank sediment because of the infrequency of residual generation and the relatively short 
time-frame during which the residual is stored onsite prior to final management. EPA 
observed a number of tank turnarounds during engineering site visits and sampling trips. 
The refineries generally allotted four to six weeks for a tank turnaround. The first few 
weeks of the turnaround are used for draining down the tank, in situ oil recovery, and 
preparing the tank for entry. Tank sediments then are removed from the tank (via 
vacuuming, shovel), sometimes de-oiled (via centrifuge or filter press), and placed in 
dumpsters. The Agency believes that refineries are motivated to move these dumpsters off 
of the tank facilities (and to final management) as quickly as possible due to financial 
constraints (e.g., cost of container rental, contractor casts) and space constraints. As a 
result, the sediments are probably stored onsite for less than a month prior to final 
management. Because this time period is so limited, the Agency assumed that the potential 
for contaminant release and exposure at levels of concern was insignificant in comparison 
with the long-tenn risks associated with landfilling and land treatment. Therefore, on-site 
storage was not modeled in the Agency's risk assessment. 
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Table 3.1.1. Generation Statistics for Crude Oil Tank Sediment 

Final M3rulllement #of #of Total Averlllle 90th 
Streams Unreported Volwne Vohnne Percentile 

Volwne (MT) (MT) Volwne 
Streams (MT) 

- - -- -- - -

Discharge to onsite WWTP; 5 0 2,118 529.5 2,1152 

discharge to surface water under 
NPDES 

Disposal offsite in Subtitle D 19 6 2,337.6 123 347 
landfill 

Disposal onsite Subtitle C 1 0 117 117 117 
landfill 

Disposal offsite in Subtitle C 28 2 3,785.6 135.2 400 
landfill 

Discharge to onsite WWT; 1 0 132 132 132 
effluent discharged to 
evaporation pond . 

Offsite incineration' 2 0 116 58 82.1 . 

Offsite land treatment 6 1 199 33 100 

Onsite land treatment 14 3 2,685.6 192 537.5 

Transfer for use as fuel 4 1 578.6 144.6 529 

Transfer for use as ingredient in 2 0 43.6 - 22 32 
products placed on the land . 

Transfer with refinery product 1 0 150 150 1 

Transfer to other offsite entity 1 0 63.5 63.5 63.5 

Recovery onsite1 14 15 9,676 666.5 1,000 

Other reuse/cover for onsite 1 0 14.6 14.6 14.6 
landfill 

99 28 22,017 222 400 

1 Other recovery onsite includes recovery in catalytic cracker, coker, or distillation units or in asphalt 
production. 
2 Sediment removed from tank and trucked to WWTP where it is bled into the treatment system to avoid 
overloading the biological treatment system. 
3 Hazardous wa.<>te incinerators. 
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Table 3.1.2. Selection of Risk Assessment Modeling Scenario: 
Crude Oil Tank Sediment 

Management Basis for Consideration in Risk Assessment 

Discharge to onsite WWTP; discharge to surface Not modeled. Wastewater discharge is exempt. Air 
water under NPDES pathways controlled by B~n=e NESHAP•. lmpa~l 

on WWTP expected to be minimal due to small 
volume of waste in relation to the total volume of 
wastewater typically treated. Sediments would be 
captured by existing hazardous waste listings and 
further controlled by the Phase IV LD R standards 
when the sediments exbibit.:m.Y ofth:_characteristics. 

Disposal offsite in Subtitle D landfill Modeled 

Disposal offsite in Subtitle C landfill Not modeled, already managed as hazardous - no 
mcremental risk to control 

Disposal onsite Subtitle C landfill Not modeled, already managed as hazardous - no 
incremental risk to control 

Discharge to onsite WWT; effluent discharged to Not modeled, waste is discharged to wastewater 
evaporation pond treatment (see above). Minimal volume, reported only 

by one facility. 

Recovery onsite1 Proposed excluded management practice 

Offsite land treatment Modeled 

Onsite land treatment Modeled 

Transfer for use as fuel Not modeled. Aln:ady regulated if characteristic. 
Minimal volume reported. 

Transfer for use as ingredient in products placed Not modeled. Aln:ady regnlated if characteristic. 
on the land Minimal volume and already modeled land application 

in land treatment scenario. 

Transfer with refinery product Not modeled. Propo~ exduded management 
practice. 

Offsite incineration Not modeled, hazardous waste incineration - no 
inccemental risk to control 

Recovery onsite via distillation Not modeled, exempt management practice 

Transfer to other offoite entity Not modeled, t:xempl. mana¥t:mA=ul prdCtice. Minimal 
volume. 

Other reuse/cover for onsite landfill Not modeled. Minimal volume, unlilcely to present 
risk. Land application and landfill scenarios modeled. 

1 Other recovery onsite inclodes recovery in catalytic cracker, coker, or distillation units. 
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The characteri.Lation <.lata for the management units and their underlying aquifers were 
collected in the §3007 survey. Table 3.1.3 provides a summary of the data for the targeted 
management practices used in the risk assessments for the. crude oil tank sediments. 
Appendix C summarizes §3007 data regarding runon/runoff controls for these units. 

Many refineries condu~t de-oiling of crude oil tank sediment, both before and after 
removal from the storage tank. The Agency evaluated whether de-oiling has any impact on 
the risks associated with the disposed sediment. The Agency hypothesized that de-oiling 
might reduce toxicant concentrations for certain toxicant fractions (e.g., volatiles), although 
others could be concentrated (e.g., metals). Samples were collected of sediments with and 
without de-oiling after removal from the storage tanks (described further in Section 3.1.1.3). 
Total oil and grease content was analyzed for each sample (see also Section 3.1.1.3). 

The following conclusions were reached regarding the' effects of de-oiling on the risks 
associated with this residual: 

(1) De-oiling reduces volume, which, if all other factors were held constant, would 
tend to reduce the risk modeled. The average de-oiled crude oil tank sediment 
volume is 120 MT, while the average oily sediment volume is 350 MT. 

(2) De-oiled sediments are predominantly sent for onsite land treatment (37%), 
disposed offsite in a Subtitle D landfill (24% ), or disposed off site in Subtitle C 
landfill (17%). Oily sediments are more liked to be recycled to the process (57%), 
disposed of in an offsite Subtitle C landfill (17%), and discharged to onsite WWTP 
(14%). 

(3) The oil and grease levels remaining in the sediment after de-oiling are highly 
variable among refineries (4.87 to 41.1 percent), even when similar techniques are 
used. One de-oiled record sample had oil and grease concentrations at the same level 
as another oily record sample. 

(4) The Agency observed a wide range of effectiveness and combinations of in situ 
and ex situ techniques. At certain reftneries (perhaps many), centrifuging and other 
types of mechanical de-oiling techniques are only used on those sediments which fail 
the "paint filter test" which is used as a surrogate for recoverable oil. As a result, the 
upper layers of tank sediment are subjected to ex situ de-oiling, while the lower layers 
are not de-oiled. Tank operating conditions may also affect sediment content, such as 
the use of in-tank mixers and ambient temperature at the time of sediment removal. 

After considering all of these factors, the Agency determined that differentiating 
between oily and de-oiled sediments was inappropriate. 
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Table 3.1.3. Management Practices Targeted for Risk Assessment 

Parameta'S #of # ofRC # RC w/ Total lOth% 50th% 90th% 
he. Unreported Volume Volume Volume Volume 

Volume (M1) (M1) (M1) (M1) 

Offsite Subtitie D 12 19 6 2.337.6 - 'Q 75 6:12 
Landfill' 

Offsite Land 4 6 1 199 - 44 100 
Treatment Unit' 

Onsite Land 9 14 3 2,685.6 - 38 1,839 
Treatment Unit1•3 

Characteristics 

Surface Ares (acres) 3.5 14.5 32 

Depth of Incorporation (in) 1-- ·-··- -·· ·-·. 6 9.5 13.5 

Amount Applied (1992 MT)' . 0.3 272 12,000 

Methods of Incorporation: Dislcing (16) 
sunsurface Injection (!) 
Springtooth Harrow (1) 

# of Landfills: 18 

Aquifer Information 

Depth to Aquifer (ft) 12.5 17.5 150 

Distance tQ Private Well (ft) 2,000 9,000 26,400 

Population Using Private Well 0 1.5 300 

Distance tQ Public Well (ft) 2,000 18,480 52,800 

Population Using Public Well 250 250 250 

#of Aquifers: 14 

Source: ~ Private 
Unreported 9 7 
Uppermost I 3 
Lowermost 4 4 
Combination - -
Classification of Uppermost Aquifer: 

Current or potential source of drinlcing water (4) 
Not considered a potential source of drinlcing water (9) 
Unreported (1) 

1 Tbe number of onsite land treatment units characterized in Table 3 .1.3 is greater than indicated in Table 3 .1.1 which 
focuses only on volumes generated in 1992. Table 3.1.3 incorporates data from all onsite land treatment units receiving 
crude oil tank sediment in any year reported in the §3007 survey. 
2 Volumes represent the average volume of all wastes applied to the land treatment units aecepting the crude tank sediment 
and not just the tank sediment alone. 
3 Tho m.an and 90th .,_roontil• were detennined by uoing 11 mlltla.gement unit loo.ding method (i.e., more tho.n one waato 
stream from one refinery may be disposed of in one management unit causing the 90th percentile number actually to be the 
sum of2 or 3 waste volumes). 
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Table 3.1.4. Crude Oil Tank Sediment Physical Properties 

#ofRC #of lOth% Mean 90th% 
Properties Unreported 

Values 

pH 116 182 6 7.4 8.6 

Reactive CN, ppm 66 232 0.1 34.5 120 

Reactive S, ppm 82 216 0.1 232.4 500 

Flash Point, •c 101 196 29.4 70 100 

Oil and Grease, vo1% 106 192 5 34.3 80 
-

Total Organic Carbon, vol% 39 259 0 23 65 

Vi:sco:sity, lb/ft*sec 5 289 0.02 12.5 60 

Specific Gravity 76 222 0.84 1.52 1.86 

BTU Cuut<oul, BTU /lb .54 244 100 7,281 14,499 11 

Aqueous Liquid, % 154 144 0 19.2 so 
O..ganio Liquid, % 157 141 0 31.8 80 

Solid, % 190 108 9.5 54.5 100 

!'article > 60 mw, % 21 277 0 19.2 100 

Particle 1-60 mm, % 24 274 0 18.5 50 

!'article 100 ,..m-1 mw, % 24 274 0 52.25 98 
-

Particle 10-100 ,..m, % 24 274 0 17.2 45 

Particle < 10 f'W, % . 17 281 0 1 7 

Mean Particle Diameter, microns 13 284 10 1,683 1000 

3.1.1.3 Characterization 

Two sources of residual characterization were developed during the industry study: 

• Table 3.1.4 summarizes the physical properties of the crude oil tank sediment 
as reported in Section VII. A of the §3007 survey. 

• Six record samples of actual sediments were collected and analyzed by EPA. 
These sediments represent the various types of oil recovery typically used by 
the industry and are summarized in Table 3.1.5. · 
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Table 3 .1. 6 provides a summary of the characterization data collected under this 
sampling effort. All the record samples collected are believed to be representative of the 
crude oil tank sediment as generated. The samples collected of the composite of oily and de
oiled sediment are representative of industry de-oiling practices. It is common practice for 
the refinery to recover oil from the top layers of sediment where there is a high percentage 
of free oil, but as the top layers are removed the bottom layers will contain less free oil and 
more a~phaltenes. At most refineries, U1e paint filter test is performed on U1e sediment 
throughout the tank cleaning/ sediment de-oiling process. Once the sediment passes the paint 
filter test, the sediment de-oiling (centrifuging/filtering) process is stopped and the remainder 
of the sediment is removed directly from the tank without de-oiling. Therefore, refineries 
may perform oil recovery only at the beginning of tank cleaning operations. 

As illustrated in Table 3.1.6, two samples exhibited the characteristic for benzene. 
Oil and grease content ranged between 4 and 41 percent. Only constituents detected in at 
least one sample are shown in this table. 

Table 3.1.5. Crude Oil Tank Sediment Record Sampling Locations 

Sample No. Facility 

R6B-CS-01 Shell, Norco, LA 

RlO-CS-01 Ashland, Catlettsburg, 
KY 

RSC-CS-01 AMOCO, Texas City, 
TX 

R4B-CS-01 Little America, 
Casper, WY 

Rl9-CS-Ql Pennzoil, Shreveport, 
LA 

R22-CS-Ol Star Enterprises, Port 
Arthur, TX 

Petroleum Refining Listing Determination 
Final Background Document 

Description: Oil Recovery Oil & Grease 
Content 

Composite of non-centrifuged 24.2% 
and centrifuged sediment. 

Liquidized and recycled to the 41.1% 
catalytic cracker. Sample 
collected prior to liquification. 

Collected directly from the 24.7% 
tank by refinery personnel. 

Composite of centrifuged and 15.4% 
non-centrifuged sediment. 

Filtered. 14.4% 

De-oiled using a shaker. 4.87% 
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Table 3.1.6. Crude Oi Tank Sediment Characterization 
Vokltle Orpnlc& - Method 8260A~ 

.Q03{.ConfldQnoo-
lntiiKVal 

CAS No. R&B-CS-01 A&C-CS-01 R48-CS-01 R10-C&-Ot Rt9-CS-01 R22-CS-OI AveragE Core MaxlmunCooo S!dOev Jpp~Um!t Com~rn. 
Acrolein 10702.8 < 31,250 < 12,500 < •• 000< <500 ... 24,000 11,1162 15,1115' 
Benzene 71432 00.000 220.000 .. ""'< <500 58,721 220, 83,0<>0 109,319 
n-S!Aylbenzan& 1l)4518 ....,.., 50,000 37. '· <POO 29,317 5<>,000 20,008 4t,01e 
sc-8utylbenzeoo 105 21.000 30,000 13,000 ,., 0,1100 16,523 36,000 13,470 24,a4S 
Ettybenzene 100414 70,000 2150,000 30,000 ., 2S,OOO 67.072 ..0,000 ....... !44.123 
lscrpropylbM!l-are 08828 32.000 70,000 15,000 <20 <100 27,-420 70,000 ... .,. ....... 
p -lscpropyloiUOine 09670 10,000 31,001l 12.000 ,.. <BOO 18,342 31.000 l2,o629 23,951: 
M&thyl elhyt ketme '"""' OJ!SO< 12,500 < 2.500 EOO< 2,500 8,892 :10,000 10,722 15,352; 
n-Propylbenc:ere 103651 40,000 110,000 < 2.500 < <OO 1',000 .. 7,558 110,000 43,064 53,507 
r-... 108883 "200,000 400.000 31,000 :-4() < .... 126,973 400,000 155,.411 222",620 
1,2.4-Trlmahyltenr:eoo ..... 150,000 300,000 40,000 4,100 6<,000 126,511 330,000 116.392 1gc.,est· 
1.3,5-Tfim£thyllerune 108676 120,000 180, 73,000 1,100 7,100 16,987 100,000 82,091 114,923, 
o-Xylene .... ,. 150,000 320,000 87,000 , .. < ,, ... 1"6.405 320,000 121,tl0t 101,71ig 
m,p-Xyliines. 108383 I 1064 320,000 830,000 HJO,OOO 1,.!00 1!,000 ""·""' 630,000 307,205- 475,0141 
Ne,phthalene 11'1203 84,000 210,000 05,000 2,.!00 ~100 70,750 2\0,000 15.820 111:1,437 

TClP Vot.IHe Ocganlcs - Mabod1 1311and 8~pgJL 
tx:'ib Con!IWroe 

ln!WNSI 
CAS No. Rt!B-CS-01 IUC-CS-01 R:48-CS-01 R10-CS-Oi R1fi-CS-Cl1 R22-CS-01 Awrag&Corc Maxlmt.mCoro ""''"" UpperUmlt Comments 

Aoolono 87841 < .. 270 210 129 140 < 50 140 vo .. "'3 
8mzene 11432 1,700 ... 00 130 ... J 32< 50 070 1.700 771 1.147 
E~lbellZIIInlll' 100414 .... 370 J "" 180 < 5(1 210 1110 370 114 ""' r ....... 1 .. 1,900 1,ti00 ... < SO< 50 793 1,1100 314 1,2a4 
1,2.4-Tflrn«hylllerz:ene ... 100 190 1 J 24 100 147 200 •• "" 1,3.5-Trlm&:hylben:ena 100 J 54< ''" 45< 50< 50 58 100 21 71 
MathylanecWortdit < 50< 50< 50< sa 170 < 50 70 170 40 100 
o-Xyl•ne ... ... 170 310 < SO< 50 273 580 223 .... 
m,p-Xyhn& 1,5<>0 1,300 450 $70 < .. 120 682 1.5<>0 803 1,045 N,.- 150J 07 300 J ., J 38< .. ,. 300 .. 175 

90% Corlldr!nce 
Semlvolal!le Ofgarics -Method 8210Bjlg/kg ltmuval 

CAS No RW-CS-01 RW-CS-01 FWB-cs-ot RtO-CS-01 R1~-CS-o1 R22-CS-,Q1 AwrageCo~ Maxlrm.mCoro StdOav Uppetllmfi Communis 
Acenaphlhen& ..... < 10~13 13,000 IX),OOO < ...... < u,roo < 413 00,621 99,000 37,505 ~.221 
Arllhtacelllt 120127 < 10.313 < <1,125 00.000' 49.500 < 1U < 413 27.642: 00,000 35,275 48,896 
Bmz(a}llffhrllcele .. < 10,313 < 4,125 :n,ooo < ... 11,.!:00 < 413 11,410 31,000 11,821 Hl,574 
Banzolluaanlhe!Wl (total} NA < 1Q.313 J 5,900 29,000 < • 11,f00 < 413 11,425 20,000 10,146 16,792 
Barrzo(g.h,l)peryiene 151242 < 10.313 18,000 14,000 < ... 11,1:00 < 413 10,845 16,000 0,533 15,324 
Banzo(a}pytana ..... J 17,000 J ..... .. •• 11,f00 < 413 12,303 28,000 9,801 19,022 
CIHbm:ol& 86748 < 20,e25 < 8,250 ... 23,!00 < "'" "'700 14.0,000 56,"5i 63,017 c,... .... 218019 J 13,000 211.000 40, 11,.!:00 < 413 19,183 42,000 16,32(1 30,Jn 

o""""'- 1>20411 < 1o.313 12,000 < " l1,f00 < 413 ..... 12,000 4,793 11,113 
Olbere.(e,h)anltncene 53703 < 10.313 < 4.125 J ••• 11.000-< 413 2,05tll 3,700 2,325 7,1161 1,2 
3,3' -Obhloroberaidine i1941 < 11,815 < 4,750 < 13,.!:00 ·,aoo 1,800 1,600 NA NA 
Fluorarthene < 10,313 J 6,400 11,::00 < 413 ~5.021 72,000 28,.637 42,397 
Fluorene 37,000 32,000 11.f00 ·,300 &'8,800 62,000 21,!44 41,54\ 
lrdano{1 ,2,3-cc)py.oene < 11).313J 3,000 11,f00 < 413 ..... ~5,000 6,l07 12,23\ 
P'l&O!Inthrene 73,000 76,000 11,f00 ;,300 ~.133 360,000 140,666 163,89S 
P·{fen& J 12,000 120,000 11,&10 < 413 ~.235 120,000 45,978 71,941 
1-MEihyinaphlhllen& 240,000 210,000 23,:500 1~.000 355,417 i,IDO,OOO 479,643 644,437 
2 -MalhylnaphttBI&ne 300,000 450, 5,700 ;,600 558,883 :2,!00,000 787,1)35 t,013,130 
2-Malhyk:hrysev J 8,300 21,000 J 23,SOO < 

... 1 
9,356 21,000\ 8,440 16.269 

3.'4-M~hyJpherm < 10,313 < 4,125 11,SOO < 413 7.670 1:2,000! 5.139 11,193 
Naphthalene 91203 180,000 150,000 11.!:00 6,100 1~600 ~eo.oool 105,064 192,009 
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kaMplihltneo 
01-n-bt.fWtti-.We 
c..o ..... 
2.4-0II'Mlhylpt.nof --· .......... 
1-Mtlth)'lnephlt.alene 
2-t.kl:hyiNiphU'ollene 
2-Meih)'lphMD< 
a'4-M~hanol --.,. ......... ....... 

.....,...., 

........... -...... 
""""""" """""" C1vomlum 
Cobol 

"-"' -..... ._ .... -"""""" .............. ·-Sodium ......... 
zm 

...... 
"""""' \ron -zr.c 

P • ..-c~....., uu"ii ~,ac.lo..\1. s,.., .... -v 

au.X1E TANK SLUDGE 

lct.P S.mlvoiii!N Ofpdcs-- Mlllhodl1311 and 821081Jg/l 
CAS No. ReS-CS-01 RIC-CS-Ot A49-CS-01 RtO-CS-01 A10-CS-Ol R22-CS-01 .W.ragtCon: Max!!T\\11lConc ..... < 50< SOJ •• < 50< 50< so ,. ,. .. , .. < 50< 50< 50< !OJ 52J \5 .. 52 .. , .. < \00 < 100 J 13< 

'"' < 
\00 < 100 73 73 .... < 50< 50J 30< 10< 50< 50 •• 30 

131113 < 50< 50< SOJ 12< 50< 50 \2 \2 
t6737 < 50< SOJ \0 < 00< 50< 50 ,. •• 00\20 J 33J 27 IJ40J .. < 1 J " \42 040 
G1570 J 30J 50 eDO•J 00< SOJ 12 180 ... .... , < 50< SOJ 

l 
00< 50< "' .. .. 

NA < 50< 50 400< 00< 50< 50 ,., ... ..... J OSJ n ... J < SOJ 14 ... 500 .... < 60< 50J •• < 00< 50< 50 27 27 ...... < 50< 60 \00 <7< 50< 50 .. ... 
Total Metall- Maehods$0t0.70150,74l1,7470, 7471,and 7&41 multo 

CASHo. ROa-CS-01 JUC-CS-01 Re-CS-01 RlO-CS-01 RUJ-CS-01 R22-C:i-01 Ave1ag•Conc Mu!m.xnConc 
7- 2,200.0 &,eoo.q 1,eoo.o 330 t,eoo. 7800 2..551.7 usoo.o 
7«0300 < e.o < e.o < \2.D< 0 < 0.0 t5.o- •.. 15.0 , ...... 8.0 0.3 32.0 &1 •• t4.8 32.0 
144000> 4,400.0 300.0 0600 330.0 1,333.3 4,400.0 ·- \.0 1.2 < 1.0 < 2 \.\ 2.0 

'"""" 10,000.0 14,000.0 11,000.0 25.000.0 1~.033.3 25,000.0 ,_, .... 310.0 51.0 100_0 11l.O 310.0i ·- \6. -300.0 < 10.0 < 27.0 72.3 3800 
7 ....... \30. \10.0 100.0 3 ... ~10.0 202.2 670.0 ,......., 11,000.0 25,000.0 200,000.0 120,000.0 300.0000 11•,833.3 3>0,000.0 ,....., 220.0 .. 320.0 8l0 . 110.0 .... 070.01 ,.,..,. 1,200.0 1,-400.0 < 1,000.0 < 600 < 500.0 -'1,200.0 t-'IM.7 •. 200.0 
,......,; 1.0.0 150.0 780.0 \30 500.0 2,2000 1161.7 2,200.0 ,....,., 0.5 zs 0.1 .. . .. 25 ... 2.5 ,..._ < ••• 380.0 < 13.0< u "'· 22.0 1585 0000 ,_ .... 3110.0 81.0 \5. .. 7<1.0 112..7 31100 ,...,... 2,100.0 0.300.0 < 1,000.0 < 600. l, 1CO. 1,:.00.0 2,11&.7 6,300.0 

'""""" 10.0 t.400.0 < .... \2. \3. < 5.0 2-41.7 1,400.0 , ...... .1D.O ..... ,_., ... 610.Q 1.!00.0 7507 1,200.0 

TaP Mettls - Mathl:xn 1311, «no. 7050, 7421. 7470.7471, and 1&41 mgtL 

c~§":;.., < ROB-es;::;, Roc-cs;:,~' < R41!-cs;"~' < Rto-cs;"~' 
7440702 < 25.00 550.00 2GO.OO c 25. 
74MJ8115 1.40 110.00 77.00 e. 
7 0.15 1. 2. 0 
7 0.2G 0.2i 0.37 c: 0. 

R\0-CS;:"~' < R22-CS;O~\ - ... ~~....,,_~~;.; 
12(100 270.00 008.33 550.00 
55.00 800.00 ']4_Q7 300.00 
n 7. 2.1 7. 
a < o.l o.3t o_ 

CotrunefU; 
1 ~n llmla grealefthlin the nighest da.ctedcon:;enltatlon- excluded fomlhecalclkt<ms. 
2 UpperUmle~the~~ 

NotM: 
8 
J 

Arwj1e also~~~ lothii asa.o::faled mlllhod J:ie.nk_ 
ColfiPouM's conctnlllllon Is .._ated. Maus.>act:al deta lnatti the ptesg-ce ol a «nnpc.und !hat measthe ldltr1111callon 
crftflrte. fOJ wtWchttM JHult. INsl'lan~he lebottmry d4ilecflon lrftl, but grul:erthanz•t(l 

NO Neil Deleeted. 
NA Nc:C "PP~'-· 

...,., 

""" """""""" Interval 
Std On Upp8fUmlt eom.-. 

NA NAI 1 
\4 " 2 

NA NA 
NA NA 
NA NA 
NA NA ... 21>0 
3<6 ,.., 
NA NA , .. 232 ... "''' NA NA 
45 '" 

g)% Confldlmctl ,..., .. 
Std Oev UppwUmlt Comments 
3.()41.4 -'1,3&4_. 

40 to.~ 

,0.3 rcu 
1,543.2 2,2&3 ~ 

0.5 u 
7,43(t3 16,514:! 

108.CI 177.C 
1.41.1 1!17.~ 

20<.7 .... 
115,fl74 1 184,53dll 

3Hl.O 452<1 
1,368.0 2,3\Y.l1 

7W.7 1, t43Jl 
1.0 2.0 

353.5 371.5 
133.0 

.... 1 

2,1Q5.6 3,439.3 
567.5 563.0 
2i7.2 9350, 

-~ Interval 
SldOov UppetUmlt Com~ ... 

0.81 

·~ UKI.11 32&.31 

300.00 361.10 .... 3 
0.27 ... 
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3.1.1.4 Source Reduction 

In situ oil recovery techniques can greatly reduce the total amount of crude oil tank 
sediment to be disposed as well as reduce volatile constituents such as benzene. As 
discussed above, recovery methods include distillate washing, nonpetroleum solvent washing, 
water wash with surfactant, and steam stripping. These operations allow entrapped oil to 
float to the top of the sediment layer and be recovered prior to removal from the tank. 
Separated oil is recycled back to the process or sent to the slop oil tanks, and the water phase 
is sent to the WWTP. 

As reported in the §3007 survey, the average amount of oily sediment (not 
centrifuged/filtered/settled) generated is 350 MT while the average quantity for sediment that 
was centrifuged, filtered, or settled was 120 MT, a 66% volume reduction. 

Another method to reduce tank bottom buildup in tanks is to install mixers. Mixers 
keep the sediments or solids continuously in suspension so that they travel with the crude oil 
to the refining process. The solids are then carried to the desalter where they result in an 
increase the volume of desalting se.diment generated. 
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3.1.2 Unleaded Gasoline Storage - Residual 2 

In 1992, 146 U.S. refineries reported approximately 1,400 unleaded gasoline storage 
tanks with an average capacity of 237,000 barrels, according to the §3007 survey. The 
survey requested that the refineries report only finished product tanks and not tanks that store 
intermediate products such as alkylate. Facilities that did not report unleaded gasoline 
slor.tge include lube plants, asphalt plants, and facilities that do not perform finished gasoline 
blending onsite. 

3. 1.2.1 Description 

Approximately every 10 years, gasoline storage tanks are taken out of service to 
inspect the tank's integrity. At that time, the product is drained from the tank and the tank is 
cleaned. 

Unleaded gasoline tank sediment consists of tank scale and rust. A typical cleaning 
procedure is to wash the inside of the tank with water (to decrease occupational benzene 
levels), discharging the water to the sewer, and sweep or scrape the remaining solids for 
disposal. It is not uncommon for no solids to be generated. 

As with crude oil storage tanks, mixers are also installed in unleaded gasoline tanks to 
reduce tank bottoms sediment accumulation. However, due to the nature of the gasoline 
production process, very few solids should be in the gasoline. 

Once the tank sediment has been removed and any repairs have been made, some 
refineries paint the tank's interior with an epoxy to protect the tank and reduce rust and scale 
generation. 

In 1992, 25 percent of the volume of unleaded gasoline sediment was reported to be 
hazardous. A majority of these residuals were reported as exhibiting the toJ<;icity 
characteristic for benzene (0018) and/or the ignitability characteristic. 

3.1.2.2 Generation and Management 

The refineries reported generating 3,583 MT of unleaded gasoline tank bottom 
sediment in 1992. Residuals were assigned to be "unleaded gasoline tank sediment" if they 
were assigned a residual identification code of "unleaded gasoline tank sediment," 
corresponding to residual code 01-C in Section VII.2 of the questionnaire. Process 
wastewaters and decantates (e.g., from deoiling or dewatering operations) were eliminated 
from the analysis. These correspond to residual codes 09 and 10 in the questionnaire. 
Quality assurance was conducted by ensuring that all unleaded gasoline tank sediments 
previously identified in the questionnaire (i.e., in Section V .D) were assigned in Section 
VII.2. Table 3.1. 7 provides a description of the quantity generated, number of streams 
reported, number of unreported volumes, and average and 90th percentile volumes. 
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Table 3.1. 7. ~neration Statistics for Unleaded Gasoline Tank Sediment 

Final Management #of #of Total Aver.lie 90th 
Streams Unreported Volume Volume Percentile 

Volume (MT) (MT) Volume 
Streams (MT) 

- ·- ·-·· 

Discharge to onsite WWTP; 16 9 2,091 130.7 120 
ultimate discharge to surface 
Wllter 

Disposal offsite in Subtitle D 28 7 625 22.3 47.7 
landfill 

Disposal onsite Subtitle D 3 0 8.4 2.8 6.6 
landfill 

DispoW oi.ISite a.ud offs.ite iu. 27 3 106 5.9 19 
Subtitle C landfill 

Off site incineration 1 8 0 176.7 22 60.7 

Other disposal onsite 1 0 18 18 18 

Recovery onsite 4 9 92.7 23 30 

Offsite land treatment 8 0 98.22 12.3 66 

Onsite land treatment IS 2 118 8 20.6 

Transfer for use as fuel 1 0 !95 195 195 

Total unleaded gasoline 111 30 3,583 32.3 66 
sediment 

1 Four facilities send wastes to 3 hazardous waste incineratoiS. 

Plausible management scenarios were chosen by EPA on which to perform the risk 
assessment model. The scenarios were chosen based on the numerous "high potential 
exposure" disposal practices currently used, which negated the need for projecting 
hypothetical "plausible" mismanagement. Given the Agency's past experience with risk 
assessment modeling, the management practices summarized in Table 3.1. 8 were reviewed to 
identify those practices likely to pose the greatest threats to human health and the 
environment. The selected management practices are: 

• Onsite land treatment (used for 3.1% of sediment) 

• Offsite SubtitleD landftlling (16.5% of sediment) 

• Onsite Subtitle D landfilling (0.2% of sediment) 
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An onsite monof"ill scenario was rejected because the intermittent (every 10 years) 
generation frequency and small quantities are not typical of wastes that tend to be monofilled. 

A summary of EPA's reasoning in selecting pathways for quantitative rlsk assessment 
modeling is presented in Table 3.1.8. 

Table 3.1.8. 
I 

Selection of Risk Assessment Modeling Scenario: 
Unleaded Gasoline Tank Sediment 

Waste Basis for Consideration in RW< Assessment 

Discharge to onsite WWTP; ultimate discharge to Not modeled. Wastewater discharge is exempt. Air 
surface water pathways controlled by Benzene NESHAPs. Impact 

on WWTP expected to be minimal due to small 
volume of waste in relation to the total volume of 
wastewatitr typically treated. Sediments would be 
captured by existing hazardous waste listings and 
further controlled by tbe Phase IV LDR standards 
when tbe sediments exhibit any of tbe characteristics. 

Disposal offsite in Subtitle D landfill Modeled 

Disposal onsite in Subtitle D landfill Modeled 

Disposal onsite and offsite in Subtitle C landfill Not modeled, already managed as hazArdous • no 
incremental risk to control 

Offsite incineration Not modeled, hazardous waste incinerators· no 
incremental risk to control 

Other disposal onsite Not modeled, minimal volume 

Proposed excluded management practice 

Offsite land treatment Modeled 

Onsite land treatment Modeled 

Transfer for use as fuel Not modeled. already resuJated if characteristic, 
minimal volume reported. 

The Agency evaluated whether it was necessary to model short-term on-site storage of 
unleaded gasoline tank sediment prior to final management. Using the same logic described 
in the previous discussion of the selection of management practices to be modeled for crude 
oil tank sediment, EPA determined U1at U1e potential for contaminant release and exposure at 
levels of concern was insignificant in comparison with the long-term risks associated with 
landfilling and land treatment. Therefore, on-site storage was not modeled in the Agency's 
risk assessment. 

The characterization data for the management units and their underlying aquifers were 
collected in the §3007 survey. Table 3.1.9 provides a summary of the data for the targeted 
management practices used in the risk assessment. 
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Table3.1.9. Management Practices Targeted for Risk Assessment 

Unleaded Gasoline Tank Sediment 

Parameters #of #of # RC w/ Total lOth% 
Fac. RC Unreported Volume Volume 

Volume (M1) (M1) 

Offsite Land 3 8 0 98.22 -
Treatment' 

Onsite Land 9 15 2 118 -
Treatment Unit'~ 

Characteristics 

Surfae<> Area (acres) 2 

Deplh of Incorporation (in) 4 

Amount Applied (!992 Mn' 2 

Methods of Incorporation: Disking (13) 
S~otb5url4i;;c lnjc:<;;tion (1) 
Springtooth Harrow (1) 

# of Land Treatment Units: 15 

Aquifer Information 

Depth to Aquifer (ft) 6 

Distane<> to Private Well (ft) 3,000 

Population Using Private Well l 

Distance to Public Well (I\) 7,920 

Population Using Public Well -
# of Aquifera: 13 

Source: ~ ~ 
Unreported 9 11 
Uppennost l -
Lowermost 2 1 
Combination 1 1 

Classification of Uppennost Aquifer: 
Current of potential souroc of drinking water (3) 
Not considered a potential source of drinking water (9) 
Unreported(!) 
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50th% 90th% 
Volume Volume 
(Mn <Mn 

2.22 94 

2 57 

14.5 32.3 

9 12 

345 12,000 

15.5 97 

4,390 !0,000 

150.5 300 

34,32S 52,800 
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Table 3.1.9. Management Practices Targeted for Risk Assessment 

Unleaded Gasoline Tank Sediment 

Parameters #of #of # RC w/ Total lOth% 50th% 90th% 
Fac. RC Unreported Volume Volume Volume Volume 

Volume (MT) (MT) (MT) (MT) 

Onsite and Offsite 18 31 7 633.4 - 6.25 72.7 
SubtitleD 
Landflll',J,-4 

Onsite Landfill Characteristics 

Surfa.;c. Acca (ac~) 3.7 7.5 36 

Remaining Capacity (cu. yd.) 25,088 80,000 6,500,000 

Percent Remaining CApaoity 0.7 12 2S 

Total Capacity (cu. yd.) 85,000 168,950 s.ooo.ooo 
Number of Strata in Completed Unit 0 S.2S 400 

Depth Below <lmde (1\) 0 6 15 

Height Above <lrllde (1\) 3 13 72 

# of Landfills: 6 

Aquifer Infonnation 
-

Depth to Aquifer (1\) 8.5 12 166 

Distance to Private Well (I\) 2,500 2,500 2,500 

Population-Using Private Well 2 2 2 

Distance to Public Well (ft) 1S,S40 15,840 15,840 

Population Using Public Well - - -
# of Aquifers: 6 

Source: f:!l!!liQ Private 
Unreported 3 5 
Combination 3 1 

Classification of Uppennost Aquifer: 
Current of potential source of drinklnll water (1) 
Not considered a potential source of drinking water (5) 

1 The number of onsite land treatment units and landfills characterized in Table 3.1.9 is llfCSler than indicated in Table 
3.1.7 which focuses only on volumes gonemted in 1992. Table 3.1.9 incorpomtea data, respectively, from all onsite land 
treatment units, and all onsite landfills, receiving unleaded tank sediment in any year reported in the §3007 survey. 
' Volumes represent the average volume of all wastea applied to the land treatment units accepting the unleaded tank 
sediment and not just the tank sediment alone. 
' The mean and 90th percentile were determined by using a management unit loading method (i.e., more than one waste 
d.rMm from one refinery may be disposed of iA one mana.semem unit 4aucins the 90th pero,...til• numb•r a.otually to bo tho 
sum of 2 or 3 waste volumes). 
• Models used the same input volumes for both on- and offsite Subtitle D landfill scenarios. 
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3.1.2.3 Characterization 

Due to the small amount of sediment typically generated during turnaround and, at 
times, the absence of sediment, samples of unleaded gasolim:: st:diments were very difficult to 
obtain. The number of refineries chosen for record sampling was expanded to increase the 
availability of these hard-to-fmd residuals; however, the newly targeted facilities did not 
increase the procurability of unleaded tank sediment. 

Two sources of residual characterization were developed during the industry study: 

• Table 3 .1.10 summarizes the physical properties of the tank sediment as 
reported in Section VII. A of the §3007 survey. 

• Three samples of unleaded gasoline tank sediment were collected. These 
samples were collected after the tanks had been water-washed. Table 3.1.11 
provides the location and description of the samples collected. 

Table 3.1.10. Unleaded Gasoline Tank Sediment Physical Properties 

Properties 

pH 

Reactive CN, ppm 

Reactive S, ppm · 

Flash Point, •c 

Oil and Grease, vol% 

Total Organic Carbon, vol% 

Specific Gravity 

BTU Content, BTU /lb 

Aqueous Liquid, % 

Organic Liquid, % 

Solid, % 

Particle > 60 111111, % 

Particle 1-60 111111, % 

Particle 100 l'm-1 111111, % 

Particle 10-100 I'm, % 

Particle < 10 I'm, % 

Mean Particle diameter, microDS 
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#ofRC # or Unreported 
Valu .. 

109 172 

~7 224 

65 216 

77 204 

77 204 

44 237 

68 213 

27 254 

156 125 

150 131 

190 91 

22 259 

24 257 

23 258 

19 262 

19 262 

12 269 

40 

lOth% Mean !lOth .. 

5.2 7.5 10 

0 30.25 50 

0 41.7 125 

20 57.7 93 

o.s 10.81 20 

0 11.1 20 

1.0 1.4 2.27 

100 4,088 16,155 

0 23.9 70 

0 7.31 20 

20 72.8 100 

0 25.2 89 

0 46.4 100 11 

0 35.3 100 

0 13.7 so 
0 7.9 50 

0 1,294 500 
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Table 3.1.11. Unleaded Gasoline Sediment Record Sampling Locations 

Location Description 

R6B-US-Ol Shell, Norco, LA Water-washed solids: collected by 
refinery 

RSA-US-01 Amoco, Texas City, TX Water-washed solids: collected by 
refinery 

R16-US-01 Koch, St. Paul, MN Drummed, dry, light-brown, water-
washed solids 

The 3 samples collected are believed to be representative of the industry. Table 
3.1.12 provides the characterization data for this sampling effort. Only constituents detected 
in at least one sample are shown in this table. Of the 3 unleaded gasoline sediment samples 
collected, one sample exhibited the toxicity characteristic for benzene. Unleaded gasoline 
tank sediment has a low organic content because the tank is water-washed prior to tank entry. 
High iron concentrations can be attributed to the rust and scale of the tank. 

3.1.2.4 Source Reduction 

As with crude oil tank sediments, mixers have 
reduced the volume of sediment generated. The 
mixers are used to suspend the solids in the product, 
reducing the amount of solids that may settle to the 
bottom of the tank. 
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3.1.3 Clarified Slurry Oil Tank Sediment and Filter SoUd:s - Residual 3 

Clarified slurry oil is the bottom fraction from fluid catalytic cracking units, operated 
at 109 refineries. In 1992, U.S. refineries reponed 297 dedicated clarified slurry oil (CSO) 
tanks with an average capacity of 45,000 barrels and Ill storage tanks with an average 
capacity of 55,000 barrels with commingled CSO and residual fuel oil. 

3.1.3.1 Description 

CSO is the lowest boiling fraction off the FCC's main fractionator (see Section 3.2 for 
FCC process description). The CSO contains some catalyst and catalyst fines (1-2 wt%). 
Some refmeries have a slurry settler that removes up to 50% of these fines and returns them 
to the process. The top draw off the settler, CSO, is sent to a storage tank, where most of 
the remaining solid catalyst panicles settle out, forming a sediment at the bottom of the tank. 
The tank sediment also contains rust. The CSO is sold as carbon black feedstock, residual 
fuel oil or bunker fuel. CSO sediment is generated in 3 ways: tank bottoms, filter solids, 
and during FCC unit cleanout\turnaround. 

CSO tank bottoms are generated every 5-10 years during storage tank cleanout. As 
with crude tank sediment, many refineries use in situ and ex situ oil recovery techniques. 
Common in situ oil recovery techniques include hot distillate washing and steam stripping. 
These techniques allow entrapped oil to float to the top of the sediment for recovery prior to 
removal from the tank. Ex situ recovery methods, usually performed by a contractor at the 
tank site, include filtration, centrifuging, and settling. Separated oil is recycled back to the 
process or sent to the slop oil tanks; any water is sent to the WWTP. The solids are 
managed in a variety of ways including disposal at Subtitle C and D landfills and in land 
treatment units. It is not unusual for the sediment to be stabilized by using clay or kiln dust 
to soak up any remaining free oil. 

Mixers are abo installed on CSO tanks to reduce tank 
bottom buildup. Mixers keep the catalyst fines suspended in 
the CSO. 

Some refineries filter their CSO prior to storage. 

28% • •· of ilie . ·tatiks• that 
store.<:SO ~v~ J!liltet$. 

Cartridge filters are employed to remove catalyst fines which are entrained in the product. 
Filtered solids are generated once or twice a year, depending on product volume. 

Every 2 to 3 years, the FCC is shutdown for turnaround. At this time, sediments may 
also be generated. in the process equipment (e.g., hydroclone). 

In 1992, approximately 1 percent of the volume of CSO sediment generated was 
reported to be managed as hazardous. 
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3.1.3.2 Generation and Management 

The refineries reported generating approximately 24,010 MT of CSO sediment in 
1992. Residuals were assigned to be "CSO sediment" if they were assigned a residual 
identification code of "FCC CSO tank sediment," "FCC CSO sediment, other than tank 
sediment," or "Other tank sediment/CSO [commingled]." These correspond to residual 
codes Ol-D, 02-C, and Ol-E, respectively, in Section VII.2 of the questionmsin::. Process 
wastewaters, decantates, and recovered oils (e.g., from deoiling or dewatering operations) 
were eliminated from the analysis. These correspond to residual codes 09, 10, and 13 (new) 
in the questionnaire. Quality assurance was cunductt:d by ensuring that all CSO tank 
sediments previously identified in the questionnaire (i.e., in Section V.D) were assigned in 
Section VTI.2. Table 3.1.13 provides a description of the quantity generated, number of 
streams reported, number of unreported volumes, and average and 90th percentile volumes. 

Table 3.1.13. <knel'lttiou StatistiQ; for CSO Sediment, 1992 

Fmal Management #of #or Total Average 90th 
Stream.< Unrepor!M VnlumP Vohrme P~...,eJttile 

Volwne (MT) (MT) Volwne 
Streams (MT} 

Discharge to omite WWTP 1 0 2$0 2$0 

Disposal offsite Subtitle D landfill 16 0 11,341 709 2,871" 

sal onsite Subtitle D landfill 2 0 679 339.$ 619 

Disposal offsite Subtitle C landfill 9 I 3,564 396 2,278 

Off•ite land treatment 2 0 2,389 1,195 2,278 

Onsite land treatment 4 I 2,906 126.5 2,520 

Onsite industrial furnace l 0 39 39 39 

Tnmsfer for use as fuel 3 0 1,850 617 1,724 

Recovery/reuse onsite 2 2 581 290.5 381 

Other recycling/onsite road material 2 0 411 205.5 314 

Total CSO sediment 42 4 24,010 S12 1,724 

Outlier quantities confirmed in §3007 survey. 
1 Reuse onsite includes recovery in catalytic cracker, coker, distillation unit or in asphalt production. 

Plausible management scenarios were chosen by EPA on which to perform the risk 
assessment model. The scenarios were chosen based on the numerous "high potential 
exposure" disposal practices currently used, which negated the need for projecting 
hypothetical "plausible" mismanagement. Given the Agency's past experience with risk 
assessment modeling, the management practices summarized in Table 3.1.13 were reviewed 
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to identify those practices likely to pose the greatest threats to human health and the 
environment. The selected management practices are: 

• Onsite land treatment (used for 12% of sediments) 

• Offsite Subtitle D landfilling (47% of sediments) 

• On site Subtitle D landfilling (3% of sediments) 

An onsite monofill scenario was rejected because of the intennittent (every 10 years) 
generation frequency, which is not typical of wastes that tend to be monofilled. 

A summary of EPA's reasoning in selecting pathways for quantitative risk assessment 
modeling is presented in Table 3.1.14. 

Table 3.1.14. Selection of Risk Assessment Modeling Scenario: CSO Sediment 

Waste 

Discharge to onsite WWTP 

Disposal offsite Subtitle D land!ill 

Disposal onsite Subtitle D landfill 

Disposal offsite SJ!btitle C landfill 

Reoovcry/reuso onaitc 

Offsite land treatment 

Onslte land treatment 

Transfer for use as fuel 

Onsite industrial tl1mace 

Other recycling/onsite road material 
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Basis for Consideration in Risk Assessment 

Not modeled. Wastewater discharge is exempt. Air 
pathways controlled by Benzene NESHAPs. Impact on 
WWTP expected to be minimal due to small volume of 
waste in relation to the total volume of wastewater 
typically treated. Sediments would be captured by 
existing hazardous waste listings and further controlled 
by the Phase IV LDR standards wben the sediments 
exhibit any of tbe characteristics. 

Modeled 

Modeled 

Not modeled, already managed as hazardous • no 
incremental risk to control 

Propo.sed excluded mona,!:emcnt P""'tiee 

Modeled 

Modeled 

Not modeled. Already regulated if characteristic. 

Not modeled. Minimal volume, unlikely to significantly 
impact emissions due to dilution. Already regulated if 
characteristic. 

Similar application of much larger volume modeled 
under land treatment scenario. 
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The Agency evaluated whether it was necessary to model short-term on-site storage of 
CSO sediment prior to final management. Using the same logic described in the earlier 
discussion of the selection of management practices to be modeled for crude oil tank 
sediment, EPA determined that the potential for contaminant release o.nd exposure at levels of 
concern was insignificant in comparison with the long-term risks associated with landfilling 
and land treatment. Therefore, on-site storage was not modeled in the Agency's risk 
assessment. 

The characterization data for the management units and their underlying aquifers were 
collected in the §3007 survey. Table 3.1.15 pwviues a summary of the data for the targeted 
management practices used in the risk assessments for the CSO sediments. Appendix C 
summarizes §3007 data regarding runon/runoff controls used for these units. 

As with crude oil tank sediment, many refineries conduct de-oiling of CSO tank 
sediment, both before and after removal from the storage tank. The Agency evaluated 
whether de-oiling has any impact on the risks associated with the disposed sediment. The 
Agency hypothesized that de-oiling might reduce toxicant concentrations for certain toxicant 
fractions (e.g., volatiles), although others could be concentrated (e.g., metals). Samples 
were collected of sediments with and without de-oiling after removal from the storage tanks 
(described further in Section 3.1.3.3). As discussed earlier in Section 3.1.1.2, after 
considering all of these factors, the Agency determined that differentiating between oily and 
de-oiled sediments was inappropriate. De-oiling reduces volume, which, if all other factors 
were held constant, would tend to reduce the risk modeled. The average de-oiled crude oil 
tank sediment volume is 514, while the average oily sediment volume is 384. De-oiled 
sediments are predominantly disposed of in offsite Subtitle D landfills (39% ), disposed of in 
offsite Subtitle C landfills (30%), or sent to offsite land treatment (21 %). Oily sediments are 
more likely to be disposed of in offsite Subtitle D landfills (53%), sent to offsite land 
treatment (22%), or transfened offsite for use as a fuel (14%). 
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Table 3.1.15. Management Practices Targeted for Risk Assessment 

CSO Sediment 

Parameters #of #of #RCw/ Total lOth% 
Fa c. RC Unreported Volume Volume 

Volume (MT) (MT) 

Onsite and Offsite 13 18 0 12,020 -
SubtitleD 
Landfill'·' 

Onsite Landfill Characteristics 

Surface Area (acres) 0.4 

Remaining Capacity (thousand cu. yd.) 3.1 

Percent Remaining Capacity 2 

Total Capacity (thousand cu. yd.) 3.2 

Number of Strata in Completed Unit 0 

Depth Below Grade (ft) 8 

Height Above Grade (ft) 0 

# of Landfills: 2 

Aquifer lnformation 

Depth to Aquifer (ft) 39 

Distance-to Private Well (ft) 8,970 

Population Using Private Well -
Distance to Public Well (ft) 58,000 

Population Using Public Well 1,500 

# of Aquifers: 2 

Source: Public Private 
Unreported 1 I 

Uppermost - I 
Lowermost 1 -
Classification of Uppermost Aquifer: 

Not considered a potential source of drinking water ( 1) 
Current or potential source of drinking water (1) 
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50th% 90th% 
Volume Volmne 
(MT) (MT) 

184.5 3,143 

30 250 

838 8,900 

40 80 

840 11,100 

5.5 11 

29 5Q 

1.25 2.5 

62 85 

8,970 8,970 

- -
58,000 58,000 

1,500 1,500 
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Table 3.1.15. Management Practices Targeted for Risk Assessment 

CSO Sediment 

Offsite Land 2 2 0 2,389 - 1,194.6 2,277.75 
Treatment Unit' 

Onsite Land 5 4 I 2,905 - 190.95 2,520 
Treatment Unit'" 

Characteristics 

Surface Area (acres) 8.8 15 170 

Depth of Incorporation (in) 6 10 13.5 

Amount Applied (1992 MT)2 4 735 15,322 

Methods of Incorporation: Disking (7) 
Sub•uxface Injecliun (1) 
Springtooth Harrow ( 1) 

# of Landfills: 9 

Aquifer Information 

Depth to Aquifer (ft) 12.5 16.75 265 

Distance to Private Well (ft) 1,000 6,200 25,000 

Population Using Private Well 300 300 300 
~-

Distance to Public Well (ft) 6,500 13,200 25,000 

Population Using Public Well - - -
# of Aquifers: 8 

Source: Public Private 
Unreported s 3 
Uppermost 2 3 
Lowermost 1 2 
Combination - -
Classification of Uppermost Aquifer: 

Current or potential source of drinking water (3) 
Not considered a potential source of drinking water (5) 

1 The number of onsite land trealment units characterized in Table 3.1.15 is greater than indicated in Table 
3.1.13 which focuses only on volumes generated in 1992. Table 3.1.15 incorporates data from all onsite land 
treatment units receiving sediment in any year reported in the §3007 survey. 
2 Volumes represent the average volume of aU wastes applied to the land treatment units accepting the CSO 
sediment and not just the sediment alone. 
' The mean and\or 90th percentile were determined by using a management unit loading method (i.e .. more 
than one waste stream may be disposed of in one management unit causing the 90th percentile number to 
actually be the sum of 2 or 3 waste volumes). 
• Models used the same input volumes for both on- and offsite Subtitle D landfill scenarios. 
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3.1.3.3 Characterization 

Since the industry varies management methods, the sampling profile reflects the fact 
that about half of the refineries do some sort of oil recovery prior to sediment disposal. As 
with most tank sediments, CSO sediment from tanks is available only during turnarounds, 
which occur every 5 to 10 years. CSO filters are generated more frequently, however, only 
one of the refineries selected for record sampling uses filters. 

Two sources of residual characterization were developed during the industry study: 

• Table 3 .1.16 summarizes the physical properties of the CSO sediment as 
reported in Section VII. A of the §3007 survey. 

Table 3.1.16. CSO Sediment Physical Properties 

Properties 

pH 

Reactive CN, ppm 

Reactive S, ppm 

I'la.sh Point, •c 

Oil and Grease, vol% 

Total Orgamic Carboa, vol% 
-

Viscosity, lblft·sec 

Spocific Gravity 

BTU Content, BTU llb 

Aqueous Liquid, % 

Organic Liquid, lli 

Solid, l'i\ 

Particle > 60 mm, 'Jii 

Panicle 1-60 mm, l'i\ 

Particle 100 !liD· I mm, % 

Particle 1()..100 11m, l'li 

Particle < 10 !liD, lli 

Mean Particle diameter. microm1 
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#ofRC #of 
Unreported 

V~hoos 

53 68 

29 92 

35 86 

42 79 

44 77 

15 106 

3 116 

41 80 

36 85 

62 59 

71 50 

83 38 

6 115 

IS 106 

13 108 

13 108 

6 115 

8 112 

49 

lOth% Mean 

s s 
0.02 26.4 

1 91 

60 84.1 

5 29.5 

5 29 

0.14 666 

1 1.4 

2,000 5,935 

0 11.4 

0 25.7 

20 69.7 

0 16.7 

0 29.4 

0 60.6 

0 28.S 

0 0 

25 612.5 

90th% 

7.8 

250 

~ 
100 

80 

70 

l,vvv 

2.1 

3,000 

so 

70 

100 

100 

100 

100 

45 

0 

800 
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• Due to the rarity of .~ediment generation, only 4 samples were available during 
record sampling. These included I oily tank sediment sample, 1 composite 
sample of both oily and de-oiled sediment, 1 de-oiled tank sediment sample, 
and 1 CSO filter. These sediments represent the various types of oil recovery 
typically used by the industry. Table 3. L 17 provides the sample location and 
description. 

The 4 samples collected are believed to be representative of the sediment as generated. 
Table 3.1.18 provides a summary of the characterization data collected under this sampling 
t:ffurt. Only constituents detected in at least one sample are shown in this table. Of the CSO 
sediment samples collected, none exhibited the toxicity characteristic. The high aluminum 
content can be attributed to the FCC catalyst which makes up a majority of the solids in the 
sediment. 

Table 3.1.17. CSO Sediment Record Sampling Locations 

Sample# Location Description: Oil Recovery 

R9-SO-Ol Murphy, Superior, WI CSO filter 

RlB-S0-01 Marathon, Indianapolis, IN CSO, classified as residual oil by 
refinery: oily and stabilized with cement . 
kiln dust 

R4-S0-01 Little America, Casper, WY Tank sediment de-oiled through settling 

R20-SO-Ol Star Enterprise, Convent, LA Centrifuged sediment 

3.1.1.4 Source Reduction 

In situ oil recovery techniques can greatly reduce the total volume of CSO tank 
sediment to be disposed. As discussed above, recovery methods include distillate washing, 
nonpetroleum solvent washing, water wash with surfactant, and steam stripping. This allows 
entrapped oil to float to the top and be recovered prior to removal from the tank. Separated 
oil is recycled back to the process or sent to the slop oil tanks, and the water phase is sent to 
the wwrP. 

As with crude oil, tank bottom buildup may be reduced by installing mixers. Mixers 
keep the sediments or solids continuously in suspension so that they travel with the CSO. 
However, these solids may drop out later in the process, resulting in greater sediment 
generation at turnaround and possibly more frequent turnarounds. 

Another method to reduce catalyst in the CSO is to install high-efficiency cyclones in 
the FCC reactor. This can shift the catalyst fines losses from the reactor to the regenerator 
where the fmes can be collected in the electrostatic precipitator or wet gas scrubber (note that 
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not all refineries arc in States that require air pollution control on lheir FCCs). API 
estimated lhat 2 pounds of tank bottoms are prevented for every pound of catalyst exiting the 
regenerator instead of the reactor (see FCC unit process flow diagram) (API, 1991). 

Some refineries have a slurry settler that removes up to 50% of the catalyst fines in 
the CSO and returns them to the process. By adding a settler to the FCC unit, sediment
forming solid catalyst particles can be greatly reduced. 
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Table 3.1.18. CSO Sediment Characterization 

~ Confillioce 
Volata.Organlcs- Methodi2GOApQ/tl:g '"'"""' CAS No JW-80-01 RI-S0-01 RlB-50-0t 1\20-S0-01 Awor.agaCom: MalilmumC<mc StdO.~r UppetUmfl Commen• -· 07041 < 1250 < ... JB 1,<100 JB ..... 1- 3,<400 1 .... ...., ......... 71Cl2 < 1250 J 1,200 < 1,250 < 2 .... 1,200 1,,.. NA NA 

n-ButtJbenHn• 104518 < 1250 ..... 17,000 22.000 10.5'3 22,000 10.57V 1;.111 
H:J-8u~ib«lZIIH 13 .... < .... < ... 2,000 J 3.000 ··- ..... 1,117 ..... ............ 100414 < .. .. 4,300 12,000 20,000 0,38&1 20,000 8.::iiJ7 ..... .. _ .......... - < 1250 < ... J 2.300 J ..... 1,7110! 2,1100 1,023 2.007 ·--- ..... < 1250 < ... ..... J 2- ua 2 .... '"" 2,582 -- 01203 2.000 11,000 ti,OOO E 140,000 ...... 1-40,010 ..... 1 ...... 
n-Pf~ 103151 < .... 2,100 < 1.250 < ..... 1,025 2.100 , .. 2,507 
T.,._ 101103 ..... 0,100 t3;000 , .... 10,0SO 17,060 ..... 15,2&4 
1,2,4-TrimdylbanJw\a ..... 11.000 10,000 25,000 E 140,000 ....... 140,000 ...... go,U12 
1,3.5-Trtm.l¥~ 1-· 2,000 ..... 35,000 ...... ...... 42.000 20,100 37,7Q.t. 
o-X~ -· 3.000 7,500 27,000 ...... 1U..37S 40,000 17,250 33,503 
m.p-XylenM 101313/1 11.000 18.000 ...... 100,000 48,750 100,000 42-,201 64,.:J13 

"'"' """""""" ITCLPV.._o,~- Mtlhodl1311 Mdazeo.\pSJ'. 1n-
CAS No. R4-80-0'l Ae-60-01 R1B-SO-OI A20-SO-Dl ""--geCono MulmumCcme ... ,.. UppMUmll Commenl:t - 'l ~· 

508 -< .. . .. ""' 150 ... 
~·-

I 71412 < SOJ .. < .. < 50 .. .. " 72 
Mdlyllnechblille 15002 < < 50JB 00 J .. 10 "' .. •• ·- 0121)3 < < .. 140 200 110 ""' 73 110 
ra_.. 1oeo&:o8 200 100 100 J .. .,. "" 14 ... 
1,2,4-Trlmetlylblnzwia 05610< .. < .. 110 100 10 110 .. 104 
o-Xyjane 854P5 8 :..< .. 110 J .. .. 110 .. 100 
m,p-XytaM 108383/to&il B 100 ... 100 100 ""' 73 25C 

~ ConU;ienoe 
SemNofa.llle OrganJca- Mmod 127C8 ppg lnlllrvat 

CAS No. fi4-S0-01 Ra-10-01 AtB-SO-Ot R20-SO-Ot fwtofagaCono MulmumCoM: StdOev '-Umlt Com1\enta -- ..... < 11,1!1175 ...... ...... 180,000 aD,2HII 100,000 ...... tc.t.IOO .... _.. 120t27 < 11,1175 11,000 J 32,000 00,000 64,218 ...... 23,414 83,807 
S.I\Z(a}anhliOa• ..... 300,000 ....... < 20,025 < .of1,250 -- 300,000 11iKJ,200 XG,I13 
8anaofiuc.Janthere (btaQ: NA J 110.000 110,000 J 21,000 J ...... 70750 110,000 ...... 110,074 -.. ..._ .... 1012-'2 J 00,0110 1(10,000 J ...... J ...... ... ..., 100,010 )4,-IUJ li7,1liU 
S.ruo(II)PftaM ...,. 230:JOG 170,000 ...... J 70000 132,000 230,000 ...... 1~.540 .,._ .. , .. < 123,750 17,000 < 41.250 J 07,000 ...... I 07,000 ...... 

~~'I 
1,2 c......,. 2111QUI 700,000 ....... 170,000 ...... 407,500 000,010 344,613 1fl0,73a 

Olbanz(a.h)anh.....,. 537113 < 81.575 ...... < 20,025 < 41250 ... ... .4U,OOO 1-t.O!IO ...... 1.2 ,...,.,....., 1 ..... < 01,-176 21,000 J 3l,OOO J 37,000 a.eo1 37,000 ..... ,.__ 1,2 
1, t2-01mei"Y~•)anlu- 57tH! < 8U75 1.200,000 < ...... < 41,250 ....... 1,200,000 51U20 ....... 
F~uotanlhana .... ., J ...... 130,000 J ...... J ...... ...... 130,000 .. .... 100.058 
Fluorene 00111 < 81,175 110.000 74.000 ....... ltl,4e0 200000 CS2,.oi5Q tt!2.1S23 

lndaAo(1.2,3-cdlwrena 103305 < &1,175 ,., ... < ...... < 41,250 23,313 2MOO 3,1101 ...... 1 1.2 
3-Mio~twna -< OM75 < .,, ... J 27,000 < .... 250 23,813 27,000 ..... 33,024 ... ·-- 3351 ... ....... .... ... 100.000 230,000 302,500 000,000 221,600 ...... ·-- ..... J 140,000 ....... 570,000 2.200,000 000,000 2,200,000 850,1Ji3 1.57!.208 

2-Mtol'lr~ 81$10 100.000 ·~.000 ....... E 3,.000,000 1,282,500 3,600,000 1.57U22 2,51iJ,62:2 ·-- .... , J 32,000 < ..... < ...... < 41,250 24.417 32,000 0,!47 31.500 

3/·--~ NA J 41,000 < :10,025 < ..... < .of1,2SO 27,417 -41,000 11,104 <>.221 
N-Jono .. .., J ...... .. .... 100.000 300,000 112.500 300.000 134,(1152 ...... , --- ... ,. 200.000 1.000,000 320,000 

_ ... 
550.000 1,000,000 302.107 &47,108 

Phonal , ..... J ...... J 7,100 < ...... < 41,250 40,818 ... 000 37.- 1l,381 .. ,_ 
,_ ....... 1!!10,000 210,000 ....... _ ... 

010,000 170,517 001 .... 

P•ot.~m u.tng A.~ .... ......, 20 &-.. it~ 
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3.2 CATALYTIC CRACKING 

3.2.1 Process Description 

Catalytic cracking is a process for the conversion of straight-run atmospheric gas oil, 
vacuum gas oils, and heavy stocks recovered from other operations into high-octane gasoline, 
light fuel oils and olefin-rich light gases. Available catalytic cracking technologies include 
fluid catalytic cracking, residual catalytic cracking, and Thermofor catalytic cracking. 
Because catalytic cracking increases the gasoline yield from crude oil, over 60% of the 
refineries in the United States have at least one of these units. 

Fluid catalytic cracking (FCC) is by far the 
most widely used by industry (95% of all catalytic 
cracking units in the U.S.) and will be the primary 
focus of this discussion. FCC capacities range from 
2, 400 to 120,000 barrels per stream day. The silica
alumina catalyst has a small particle size (average size 

FCC is an effective process for 
increasing· the yield of gasoline 
from crude oil · 

51 to 65 I'm) and moves through the reactor as a fluid. Figure 3-2-1 provides a generic 
process flow diagram for fluid catalytic cracking. In the FCC process, light and heavy 
vacuum gas oil and a mixture of middle to heavy petroleum fractions are preheated and then 
contacted with hot FCC catalyst. The reactor's temperature is 850° to 950°F and its 
pressure is between 12 to 50 psig (McKetta, 1992). The oil vaporizes and forms a fluidized 
mixture with the catalyst particles and is literally blown around the large reactor. The oil 
cracks forming lighter hydrocarbons as it rises through the reactor. The oil and catalyst are 
separated by cyclones at the top of the reactor, and the cracked products are recovered in the 
main fractionator. 

The fractionator sepaiates the cracked hydrocarbons into products. The products are 
generally light gases (butanes and lighter), cat cracked gasoline, light and heavy gas oils, and 
CSO. See Section 3.1.3 for further description of CSO generation. 

During the cracking process, coke deposits on the catalyst and renders it inactive. 
The coke is burned off the catalyst in the regenerator. The regenerator operates at a higher 
temperature (1100• to 1300•F) than the reactor which allows the coke to be burned off. The 
bulk of the regenerated catalyst is recycled back to the reactor. However, because the 
catalyst loses some activity over time due to deposition of metals (e.g., vanadium and nickel) 
and neutralization of active acid sites (e.g, sodium and sulfate), a slip stream of catalyst is 
removed after regeneration and replaced with fresh catalyst. This slip stream of catalyst, 
typically 1% of the catalyst inventory, is called equilibrium catalyst, a residual of concern. 
Catalyst losses can also be attributed to fines entrained in the regenerator off-gas or flue gas 
and in the CSO. 

Depending on local air pollution control standards, catalyst fines from the regenerator 
flue gas may be removed in an electrostatic precipitator or a wet gas scrubber, or can be sent 
to the stack. The collected catalyst fines are a residual of concern. 
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Figure 3.2.1. Fluid Catalytic Cracking Proces.s Flow Diagnun 
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As mentioned above, other process variations include residual catalytic cracking 
(RCC) and Thermofor catalytic cracking (TCC). The RCC is basically the same 
configuration as the FCC unit varying only in the feed. The feed is a mixture of fractions 
from the vacuum unit. This heavier grade feed has a higher metals content which causes the 
catalyst to lose its activity more quickly. Larger reactors are used to compensate for the 
metals loading. 

In 1992, four refineries had TCC units with capacities ranging from 4,500 to 17,000 
barrels per stream day. The TCC unit is a moving-bed cracking unit. In the moving bed 
process, the catalyst (a zeolitic catalyst) is pelletized into about 1/8 inch diameter beads. 
These beads flow by gravity from the top of the unit down through the reactor which 
operates at about 10 psig and 850• to 925°F (McKetta, 1992). The oil is injected at the top 
of the reactor and flows concurrently with the bead catalyst to the bottom of the reactor 
where product vapors are collected in underflow weir channels and are ducted to the 
fractionator. The catalyst then flows down to the regenerator or kiln. In the regenerator, air 
is introduced and the temperature is raised to about 1150• to 1250°F to bum off the coke 
which formed on the catalyst during the cracking process. Bucket elevators or pneumatic 
lifts are used to carry the catalyst from the bottom of the regenerator back to the top of the 
reactor. 
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3.2.2 FCC Equilibrium Catalyst - Residual 4 

3.2.2.1 Description 

As discussed above, heavy polyaromatic coke and carbon deposit on the silica-alumina 
catalyst during the cracking process causing it to lose its activity and become spent. These 
deposits are removed by burning the coked catalyst in the regenerator to reestablish activity 
prior to its recycle to the reactor. Metals, such as vanadium and nickel, from the crude oil 
also deposit on the catalyst, reducing activity. To control metal levels on the catalyst, 
equilibrium catalyst is drawn from the regenerator frequently (about once a week) and 
replaced with fresh catalyst. 

Factors contributing to the degradation of the catalyst include high temperature, 
impurities in the fresh catalyst, impurities in the hydrocarbon feed, and time. Residual 
impurities in the fresh manufactured catalyst are principally sodium and sulfate. Impurities 
from the feed are sodium, nickel, vanadium, iron and copper. Sodium acts to neutralize 
active acid sites and aids in matrix degradation. Deposited metals effectively act as catalyst 
poisons. Metals levels on equilibrium catalyst reflect the metals content of the feeds being 
processed; typical ranges are 200 to 1,200 ppm vanadium, 150 to 500 ppm nickel, and 5 to 
45 ppm copper. Sodium levels are in the range of 0.25 to 0.8 wt% (as NaOJ (McKetta, 
1992). 

The equilibrium catalyst from the regenerator is placed in a catalyst hopper where it is 
cooled nnd stored prior to final management. Equilibrium catalyst from one refinery's l'CC 
may be used at another refmery where the FCC unit requires a catalyst with a lower activity 
level. 

Although this is a high-volume stream, less than 3 percent of its volume is currently 
managed as hazardous. Some refmeries manage their FCC catalyst and fmes in onsite 
dedicated catalyst monofills. 

The catalyst in the TCC unit is a zeolitic bead-type catalyst that is removed and 
replaced only during turnaround. The catalyst makeup, frequency of generation, and process 
design are all different from the FCC process. In addition, the TCC process is much less 
common than the FCC and RCC processes. Therefore, the catalyst in the TCC unit was not 
considered to be within the scope of this study. 

3.2.2.2 Generation. and. Management 

The §3007 questiofllU!ire responses indicated 124,061 MT of equilibrium catalyst were 
generated in 1992. Residuals were aqsigned to be "FCC catalyst• if they were assigne.d a 
residual identification code of "spent solid catalyst" and were generated from a process 
identified as an FCC unit. This corresponds to residual code 03-A in Section VII.2 of the 
questionnaire and process code 04-A in Section IV-l.C of the questionnaire. Except for the 
RCC, other catalytic cracking units were omitted from this designation. In this industry 
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study, equilibrium catalyst was the largest volume of spent catalyst examined. Table 3.2.1 
provides a description of the total quantity generated, number of streams reported, number of 
unreported volumes, and average and 90th percentile volumes. 

Table 3.2.1. <rl!neration Statistics for FCC Equilibrium Catalyst 
-·-- ·--···- ·-

Final Management # of #of Total Average 90th 
Streams Unreported Volwne Volwne Percentile 

Volwne (MT) (MT) Volume 
Streams (MT) 

Disposal offsite Subtitle D landfill 35 0 23,326.5 666 1,575 

Disposal onsite Subtitle D landfill II 0 2,894 263 1,125 

Disposal offsite Subtitle C landfill 3 0 155 52 140 

Disposal ousite Subtitle C landfill 4 0 3,982 995 3,072 

Offsite land treatment 3 0 713 238 446 

Onsite land treatment 2 0 559.6 280 512 

Onsitereuse 8 2 4,051 506 2,388 

Other reuse/rement plant' 40 0 55,901 1,397.5 4,811 

Transfer to offsite entity' s 0 1,740 348 1,196 

Transfer metal catalyst for 4 0 5,922 1480 2,627.6 
reclamation 

TraDllfer to another petroleum 62 I 24,817 400 890 
refinery 

Total FCC catalyst 178 3 124.061 697 1,575 

1 Offsite entities include alumina manufacturer and steel industry. 
2 Includes quantities reported to be transfered for ingredient in products placed on land. 

Plausible management scenarios were chosen by EPA on which to perform risk 
assessment modeling. The scenarios were chosen based on the numerous "high potential 
exposure" disposal practices currently used, which negated the need for projecting 
hypothetical "plausible" mismanagement. Given the Agency's past experience with risk 
assessment modelina, the management practices summarized in Table 3.2.1 were reviewed to 
identify those practices likely to pose the greatest threats to human health and the 
environment. 

The selected management practice is: 

• An onsite monofill will be used as the worst-case plausible mismanagement. 
Because the volumes and generation rates are sufficient, onsite monofills are 
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u~<:Q by industry and plausible large volumes can go into a monoflll. 
Refineries reported 26,221 Mf (about 21 percent) of catalyst were disposed in 
Subtitle D landfills. 

A summary of EPA's reasoning in selecting pathways for quantitative risk assessment 
modeling is presented in Table 3.2.2. The management unit characterization data were 
provided in the §3007 survey. Table 3.2.3 provides a summary of the management unit 
characteristics and aquifer information. 

The Agency did not model storage of FCC catalysts and fmes. FCC catalysts and 
fines are typically managed in pneumatic containers and hoppers prior to final management 
due to their particle sizes and the large volumes handled. These storage vessels are designed 
to minimize dust emissions and control losses. The Agency, however, did model potential 
air releases in the modeled monofill scenario for FCC residuals. Thus, interim storage was 
not modeled because of the nature of the storage vessels typically ust:'J:i and the consideration 
of air pathway releases during long-term final management. 

3.2.2.3 Characterization 

The category of "catalyst and fines from catalytic cracking" as defined in the EDF 
consent decree includes the subcategories of "equilibrium catalyst" and "fines". These: 
subcategories were chosen because these two residuals are generated at different points in the 
process and because the Agency hypothesized that the different particle sizes of catalyst and 
fines might result in different risk results. See Section 3.2.3 for a description of fines from 
catalytic cracking. 

Two sources of residual characterization were developed during the industry study: 

• Table 3.2.4 summarizes the physical properties of the catalyst as reported in 
Section Vll.A of the §3007 survey. 

• The two equilibrium catalyst samples were collected and analyzed by EPA. 
The samples were collected from the catalyst hoppers during normal operating 
conditions. Table 3.2.5 provides the location and description of the samples. 

These samples are believed to be representative because they were taken from units 
accepting various types of crude feeds neither of which were pretreated (hydrotreated). 
Table 3.2.6 provides a summary of the characterization data. Only constituents detected in 
at least one sample are shown in this table. As shown in the data, none of the FCC catalyst 
samples exhibited the toxicity characteristic even though heavy metals are present. High 
aluminum concentrations can be attributed to the silica-alumina catalyst. Because of the 
severe operating conditions of the unit, the spent catalyst has a very low organic content. 
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Table 3.2.2. Selection of Risk Assessment Modeling Scenario: 
FCC Equilibrium Catalyst 

--

Waste Basis for Consideration in Risk Assessment 

Disposal offsite Subtitle D landfill Monofill scenario was assumed to pose greatest potential 
risk because the residual is not mixed or diluted with other 
materials in an unlined monofill. 

Disposal onsi"' Subtitle D la:odfill Modeled as a monofill as worst case bounding estimate. 

Disposal offsite Subtitle C landfill Not modeled, already managed as hazardous - no 
incremental risk to control 

Disposal onsite Subtitle C landfill Not modeled, already managed as hazardous -no 
incremental risk to control 

Offsite land treatment Monofill scenario was assumed to pose greatest potential 
risk 

Onsite land treatment Monofill scenario was assumed to pose greatest potential 
risk 

Onsite reuse Excluded management practice 

Other reuse/cement plant Not modeled. Assumed small percentage of feed to cement 
kiln with very low levels of constituents of concern. 
Cement would tend to immobilize any trace metals. 

Transfer to offsite entity' Not modeled, assumed to be used as a raw material 
substitute, excluded management practice 

Transfer metal catalyst for roclli.Wiltion Sent to exempt rocycling 
-

Transfer to another petroleum refinery Not modeled, excluded management practice 

Other stooge Not modeled, not final management 

1 Offsite entities include alumina manufacturer and steel industry. 
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Table 3.2.3. Management Practices Targeted for Risk Assessment 

FCC Equilibrium Catalyst 

Parameters #of #of # RC w/ Total lOth% 50th% 90th% 
Fac. RC UnrepOrted Volume Volume Volume Volume 

Volume (Mn (Mn (Mn (Mn 

Onsite Subtitle D - 11 0 2,894.2 - 36.5 1,125 
Landfills 

Offsite Subtitle D - 35 0 23,326.5 - 235 1,575 
Landfills 

Onsite and Offsite 31 46 0 26,221 - 197 1,693 
Subtitle D Landfills' 

Onsite Landfill Characteristics 

Surface Area (acres) 1.25 5.9 33 

Remaining capacity (1000 cu.yd.) 3.025 24.45 6,500 

Percent Remaining capacity 0.43 ' 34., 

Total capacity (1000 cu.yd.) 12.1 75.325 10,498 

Number of Strata in Cotnplc:u:d Unit 0 3 8,030 

Depth Belew Grade (ft) o.s 6 32.5 

H!!!.ight Ahnv~ n~d.l!'! (fl) 0 7 72 

# of Landfills: 10 

Aquifer lnfonnation 

Depth to 'Aquifer (ft) 14 34.5 232.5 

Distance to Private Well (ft) 1,000 8,970 37,500 

Population Using Privllle Well 1 1 1 

Diotance to Public Well (ft) 5,000 9,850 58,000 

Population Using Public Well 1,500 1,750 2,000 

# of Aquifora: 10 

Source: Public f!ll:!1e 
Unreported 4 4 
Uppennost 4 2 
Lowcnnost 1 3 
Combination - -
Classification of Uppermost Aquifer: 

Current or potential source of drinking water (4) 
Not conaidcrcd a potential source of drinking water (6) 

1 The mean rwd\or 90th perccntilc were dcwnnined. by ue:ins a ma.napmont unit loading m«hod (i.o., morw than ono wut. 
stn:am may be dioposed of in one management unit causing tho 90th percentile number to actually be the sum of 2 or 3 
waste volumes). 
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Table 3.2.4. FCC Equilibrium Catalyst Physical Properties 

ProJ:M'rtiPS # of #of lOth% Mean 90th% 
RC Unreported 

Values 

i!PH 58 85 4.3 5.9 " 
Reactive CN, ppm 42 101 0 19.2 10 - .. .. ·--

Reactive S, ppm 45 98 0 19.1 67.5 

Flash Point. •c 41 102 60 106.3 140 

Oil and Grease, vol% 36 107 0 0.21 1 

Total Organic Carbon, vol% 36 107 0 0.2 I 

Specific Gravity 66 77 0.85 1.56 2.25 

BTU Conlt::nl, BTU/lb IS 128 0 776.7 1,000 

Aqueous Liquid, % 84 59 0 0.24 0 

Organic Liquid, % 83 60 0 0.05 0 

Solid, % 126 17 100 99.4 100 

Particle > 60 mm, % 48 95 0 0.28 0 

Particle 1-60 mm, % 48 95 0 8.6 4.5 

Particle 100 14m-1 mm, %· 55 88 0 30.4 100 

Particle 10-100 J.Lm, % 71 72 20 71.3 100 

Particle < 10 14m, % 61 82 0 6.8 15 

Mean Particle diameter, 60 81 50 74 84 
microns 

Table 3.2.5. FCC Equilibrium Catalyst Record Sampling Locations 

Sample Number Location 

R4-FC-01 Little America, Casper, WY 

R6-FC-01 Shell, Norco, LA 
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FCC equilibrium catalyst from hopper 

FCC equilibrium catalyst off the 
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3.2.2.4 Source Reduction 

Source reduction techniques are very difficult to formulate due to the limited number 
of inputs to Uu:: system. Tin: FCC unit inputs are ht:avy hydrocarbons and catalyst, neither of 
which can be reduced, substituted or eliminated. However, by employing process efficiency 
modifications and/or reuse procedures, spent catalyst can be diverted from landfilling. 

One refinery reported in the §3007 survey that caked FCC catalyst generated during 
turnaround was eliminated due to equipment and process changes. 

A Peruvian FCC unit's operations were 
improved by increasing the regenerator's catalyst 
level. This increase resulted in lower stack losses, an 
improved temperature profile, increased catalyst 
activity and a lower catalyst consumption rate. (HC 
Processing, 11/93) 

Peruvian · refiner saves over 
$131,000 per year in catalyst 
purchases. 

Hydrotreating FCC feed helps to remove metals and sulfur compounds from the feed. 
This can extend the life of the FCC equilibrium catalyst, which decreases the volume of 
spent catalyst generated. 

One common example of reuse is the use of equilibrium catalyst from one refinery's 
FCC at another refmery where the FCC unit requires catalyst with a lower activity level. In 
1992, 50,000 MI' of spent catalyst were used as a feedstock in the production of cement. 
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Table 3.2.6. FCC Equilibrium Catalyst Characterizatio11 

QO% Conhd;mce 
Volatile Organic$ - Method 82GCA pg/kg Jntetval 

CAS No. R.C-FC-01 Re!-FC-61 Average Cone Maximum Cone stdO.. Upper Urrut Commenn 
Elhyibenzana 10041.( .. < 570 3,465 0,-400 4,122 12,457 2 
n-Ptopylbelnrene ,.,_, 2,200 < 510 1,385 ..... ',153 3,8QI4 2 ,....,. , ..... 17,000 < 510 6,785 11.000 11,11516 34,071- • 
· ,2,4-Trimatllylbenzane ..... 13,000 1,300 7,150 t3,000 8,213 

25 '"' 
2 

• ,3,5-TrimetlytbenHnll ,...,. 5,100 < 510 2,835 5,i00 3,203 ~.807 • 
o-Xylene: ... 1. 11,000 < 510 e,7es 11,000 7,31!!o 21,837 • 1n,p-Xytenea t0838) /1-004 35,000 < 570 11,785 35,000 24,3<1e 70,173 • 
M«ht'1 .utylhltone 7 .... '·""" < 570 085 1,400 581 Z202 • ·- ..... < ••• 3,000 1,813 ... .. 1,078 5,<468 • 

QO% Confldance 
TClP Vola1i1e Organica - M•hoda 1311 end 32t!M 1-'fPL lnl61'Val 

CAS No. FW-FC-01 Rl!i-FC-01 AvanlQ9 Cone MMfmiMll Cone std[lov UpperUnnt Conmem. 
Acotono 0704~ 100 < "' 75 100 30 152 2 
1oluena 10U83 B 100 < "' 105 1110 10 274 2 
m,p-Xyktoe• 10838$/ UMI42 8 150 < eo 100 150 71 ... 2 
Mlllhyl .thy! kltone , .... 150 < .. 100 ... 71 254 2 

QO% Conf«Hnce 

S.millo'-l:h Orgenica - MtlthodB27DB pglkg lntiHVal 

CAS N;;1 .. r ,.._.c;:>;l < ... -.c~ A ... _ c;: -...., c:::l stdOov Uppet Urrut Comments 

1-Mtth~~-- ... , ... f 
2 

:i-MithylnaphUwden. ll157tl 870 < Ul5 518 870 4 .. 1.C02 2 
ftaphthaklne U1203 870 < HIS 418 070 .. , 1.HI5 2 
DI-n-butyl phthaieta 8.47-42 < 105 1, 563 1,000 ... 1 ,fUIB 2 

W% Conhdulce 

TCLP kmivolatile Organics - Mll:hoda 1311 and 82708111/L frltBNal 
CAS No. R4-FC-D1 RII-FC-ct Avefege Cone Muim\Jm Cane Std De~ Upp1111rUrnr! Comment& 

Bia {2 -fllh~lhuyl}ptihalal:e I >17a171JS 2•IJ ••I ••I 201 •I ,., 
2 

PO% Conlldenc.e 

Totel Yel:ais- Manodt ti010, 7oel0. 7421, 7.(70, 7-t71, and7a.41 mglkg lnt.n~al 

CAS No. fl.4-FC-G1 RO-FC-Ot Av.re~ Cone Ma1Unum Cone Sid Dav UpperUn-4 Common!> 

.-lumU"Ium 742QQOS BG,OOO.O 31,000.~ 80,000.0 aa.oao.o 41,0t2. t.cg,2G2.0 2 

,lrunic 7<44038~ < 1.0 2.5 1.8 u ... 4.1 2 

Barium 74 .. 03D3 IQO.O < 20.:> t\15.0 180.0 120. 36CUI 2 
Beryllium 7<4-40411 2.7 1.1 2.2 u 0. 3.7 2 

Catcium 74o4070~ 1,700.0 < 500.1) 1,100.0 1.100.0 848. 2;g4G.B 2 

Chromium 7 .. 40473 17.0 u 10.5 n.o .. 305 2 
Coball 7440484 < 5.0 18.) \1.5 Hs.o • 3:1.5 2 
Coppo< 744QS08 Hl.O 13.) 10.0 10.0 .. ~5.2 2 

'"" 7oGSD8 4,800.0 t,OOO.Il 2.000.0 .4,800.0 2,887.0 8,H82 2 

leO<! 7C:tQQ21 .. 2.0 1LJ 20.5 ·~.0 ., 
'" 2 

2 

Manganee• 743QUGS 32.0 < u '8.6 3:<!.0 2LC 031 2 

f\lickel 7 .. 40020 330.0 gt.l) 210.5 33t.J.O 1CHI.O 518.3 2 

Sodium 14.40235 '".800.0 1.~.0 5,8500 g,BOQ_o 5,5M.1 16,00tU 2 

'Wanad1um 7440C22 1.200.0 720.•) geo.o t,20Q.o 330.-4 1.t11)6 7 

2inc 7"4oeee: IS8.0 ••• -38.7 tl-6.0 415 ngo 
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.llntimony 

'"" Nickel 
\lenadium 
~nc 

Fetro'-um u.u~ A .tO.n summary 

FCC EQUIUIRIUM CATALYST 

g{J% Canhd4ilnc& 
TCLP ~etala- Method!l1311, 0010, 7060, 7421, 7470, 1•11. and 7841 tngiL Interval 

CAS.Na. R4.-fC-Q.1 f\0-FC-C\ ~'flM"ageConc t,AtOOm\lmCooo "'"""' Uppe,llml\ 
74403&0 "' 0.30 2.00 1.15 2.00 1.2< '77 
743SI6UO ....-: 0.50 1.30 l.UO t .30 0.57 213 
7440020 ....-: 0.20 1.10 HI:S 1.10 0.041 2.0-4 
7440022 U:.SO 0.85 5.18 iili.50 0.12 1:t.<4g 
74400M 0.25 < O.iD G.18 0.25 0.11 0.41 

Com~Mnta: 

1 
2 

o.teaion lilnlll grellllar lllan the highelt .at.d:ed concertration .. exdudedlrom thll calcukiliona 
Upper limit exc.da tlw muimum co~rtt-lon. 

Notea: 
B A.nalyle •c ~ in 1M uaoc'-le::l methOd b&aok. 

Comments 

2 
2 
2 
2 
2 

J Compound'l conoeftnllbn ,je _.lmlftd ...... tpectlal ~ indlcale the pnta~tnoe o1 e COI"'lpound lhat meals the tdenlrflcehon 
cfieria for which tM Nlldl: • -.. thllnthe JabOrektrt ~n limit, btM: gtea~..- than zero 

NO NotOet~. 

Nil NOIAp-lo. 
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3.2.3 FCC Catalyst Fines • Residual 5 

3.2.3.1 Description 

Fluid catalytic cracking is the only catalytic cracking process that generates a residual 
of catalyst flnes (RCCs also produce catalysts flnes, however the RCC process is identical to 
the FCC process only processing heavier feeds). In the FCC process, the flue gas off the 
regenerator will likely have any of a number of optional units associated with it for air 
pollution control. The flue gas is composed of catalyst flnes, nitrogen from the air used for 
combustion, the products of coke combustion (the oxides of carbon, sulfur, nitrogen, and 
water vapor), and trace quantities of other compounds (Meyers, 1986). Flue gas is directed 
through cyclone separators to minimize catalyst entrainment prior to discharge from the 
regenerator. The flue gas exits the regenerator at high temperature, approximately 700° to 
7so•c, and at pressure of about 30 psig. Depending on local air pollution control standards, 
the remaining catalyst fines may he removed in an electrostatic precipitator or a wet gas 
scrubber, or can be sent directly to the stack. 

In electrostatic precipitators, catalyst fmes are collected by using the mutual attraction 
between particles of one electrical charge and a collecting electrode of opposite polarity. 
Using high-voltage electrodes, the flue gas is ionized and the catalyst flnes in the gas become 
charged. The charged fines then migrate to the plate electrodes, where fmes collection 
occurs. The deposited flnes are usually removed from the electrodes by rapping or vibration. 
With relatively weak electrical attraction between the flnes adjacent to the plate and the plate 
itself, the fines fall by gravity into a collection hopper (Wark and Warner, 1981). 

In wet gas scrubber systems, the flue gas and any entrained catalyst are scrubbed 
using a circulating water system. Caustic is added to the water to neutralize the SO:! and 
NH3 scrubbed out of the flue gas. Some reflneries use spent caustic from liquid treating 
operations in their FCC off-gas scrubbers. The catalyst flnes settle out of the water in 
scrubber ponds or are sent to a dewatering system. The catalyst is removed from the ponds 
as needed. 

Although this is a high-volume stream, less than 2 percent of its volume is currently 
managed as hazardous. Some refmeries manage their FCC catalyst and flnes in an onsite 
dedicated catalyst monofill. 

3.2.3.2 Generation and Mana~ement 

The §3007 questionnaire responses indicated that 67,816 MT of catalyst flnes were 
generated in 1992. Residuals were assigned to be "FCC fines • if they were assigned a 
residual identification code of "solid catalyst fmes" and were generated from a process 
identified as an FCC unit. This corresponds to residual code 03-B in Section vn.2 of the 
questionnaire and process code 04 ·A in Section IV -1. C of the questionnaire. Except for the 
RCC, other catalytic cracking units were omitted from this designation. Table 3.2. 7 
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provides a description of the total quantity gencrdtt:d, number of streams reported, number of 
unreported volumes, and average and 90th percentile volumes. 

Table 3 .2. 7. Gi!neration Statistics for FCC Catalyst Fines 

Final Management #or # or Total Average 90th 
Streams Unreported Volwne Volwne Percentile 

Volwne (MT) (MT) Volwne 
Streams (MT) 

Disposal offsite Subtitle D landfill 44 I 32,819 746 1,250 

Disposal onsite Subtitle D landfill 11 0 8,501 773 1.718 

Disposal offsite Subtitle C landfill 4 0 763 190 550 

Disposal oosite Subtitle C landfill 2 0 11.4 5.7 6.4 

Offsite land treatment 2 0 419 210 416 

Disposal/storage in surface 4 0 7,096 1,774 5,309 
impoundments' 

Other disposal oosite/cap for 2 0 2,930 1465 1,630 
land farm 

Other disposal onsite/fill material I 0 1,633 1,633 1,633 

Other disposal nn~i~/vent tn 8 I 1,640 205 421.4 
atmosphere 

Recovery onsite in FCC I 0 250 250 250 

Other reuse/cement plant - 19 0 10,048 529 1,460 

Transfer for use in products 2 0 1352 676 698 
placed on the land 

Transfer to another petroleum I 0 91 91 91 
refinery 

Settling 2 0 263 131.5 263 

t'CC !me$ 103 5 67,816 658 1,627 

1 Five facilities with 6 surface impoundments were reported in the §3007 survey (for all generating years). Two 
are permitted as SWMUs, five are used for interim or final management of scrubber fines. 
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Plausible management scenarios were chosen by EPA on which to perform the risk 
assessment model. The scenarios were chosen based on the numerous "high potential 
exposure" disposal practices currently used, which negated the need for projecting 
hypothetical "plausible" mismanagement. Given the Agency's past experience with risk 
assessment modeling, the management practices summarized in Table 3.2.7 were reviewed to 
identify those practices likely to pose the greatest threats to human health and the 
environment. 

The selected management practices are: 

• An onsite monofill will be used as the worst-case plausible mismanagement. 
Because the volumes and generation rates are sufficient, onsite monofills are 
used by industry and plausible large volumes can go into a monofill. 
Refmeries reported 41,320 MT (about 61 percent) of catalyst fines were 
di~po~ed in Suhtitle n landfills. 

• While it appears to be a relative rare practice, the Agency also modeled 
disposal in surface impoundments to confirm that the scenario was not of 
concern. 

A summary of EPA's reasoning in selecting pathways for quantitative risk assessment 
modeling is presented in Table 3.2.8. 

The Agency did not model storage of FCC catalysts and fines. FCC catalysts and 
fines are typically managed in pneumatic containers and hoppers prior to final management 
due to their particle sizes and the large volumes handled. These storage vessels are designed 
to minimize dust emissions and control losses. The Agency, however, did model potential 
air releases in the modeled monofill scenario for FCC residuals. Thus, interim storage was 
not modeled because of the nature of the storage vessels typically used and the consideration 
of air pathway releases during long-term final management. 

Management unit characteristics were reported in the §3007 questionnaire. Table 
3.2.9 provides the management unit information for the FCC fines. Table 3.2.10 provides 
the management unit information for the FCC catalyst and fines combined. 

Petroleum Refining Listing Determiuation 
Final Background Document 65 October 31, 199S 



I~ 8. Selection of Risk Assessment Modeling Scenario: FCC Catalyst Fmes 

Management Basis for Consideration in Risk Assessment 

Disposal offsite Subtitle D landfill Not modeled, monofill scenario was assumed to pose greatest 
potential risk because the residual is not mixed with or diluted 
with other materials in an uuliued wunufill 

Disposal onsite Subtitle D landfill Modeled as a monofill 

Di•po.al offsite Subtitle C landfill Not modeled, already managed as ha:zardouo • uo iuc<cwental 
risk to control 

Disposal onsite Subtitle C landfill Not modeled, already managed as ha:w-dous · 
risk to control 

Offsite land treatment Not modeled, monofill scenario was assumed to pose greatest 
potential risk 

Disposal/storage in surface impoundments Modeled 

Other disposal onsite1 Covered by landfill scenario 

Recovery onsite in FCC Not modeled, assumed closed loop recycling 

Other reuse/cement plant Not modeled. assumed small percentage of feed to cement kiln 
with very low levels of constituents of concern. Cement 
would tend to immobilize any trace metals present. 

Transfer for UDO in products pleoed on the Not modeled, assumed to ~ uecd in cx:mont manuf~tu.rc;, 3ec: 

land above 

Transfer to another petroleum refinery Not modeled, exempt management practice 

Settling Not modeled, not a final management practice 

1 Other onsite dispooal includes cap for landfarm, fill material, and vent to atmosphere. 
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Table 3.2.9. Management Practices Targeted for Risk Assessment 

FCC Catalyst Fmes 

Parameters #of #of # RC w/ Total lOth '11> SOtb% 90th% 
Fac. RC Unreported Volume Volume Volume Volume 

Volume (MT) (MT) (MT) (MT) 

Onsite Subtitle D - 11 0 8,50!.2 - 332 1,718.2 
Landfills 

Offsite Subtitle D - 44 1 32,819.1 - 331 1,250 
Landfills 

Onsite and Offsite 40 55 I 41.320 - 414 2,753.6 
Subtitle D Landfills' 

Onsite Landfill Characteristics 

Surface Area lacresJ I 7 50 

Remaining Capacity (1000 cu. yd.) 3.63 24.45 8,900 

Percent Rcma.ining Capacity 0.5 5 25 

Total Capacity (1000 cu.yd.) IS 75.325 10,200 

Number of Strata in Completed Unit 0 1 400 

Depth Below Grade (ft) 1 s 15 

Height Above Grade (ft) 0 7 25 

# of Landfills: 11 

Aquifer Information 

Depth to Aquifer (ft) 7 29.5 207 

Distance to Private Well (ft) 5,000 8,985 26,800 

Population Using Private Well 3 3 3 

Distance to Public Well (ft) s.ooo 13,200 58,000 

Population Using Private Well 250 1,750 2,000 

# of Aquifen: 10 

Source: Public ~ 
Unrcpolted 5 2 
Uppermost 2 I 
Lowermost 1 5 

Classification of Uppermost Aquifer 
Current or potential source of drinking water (3) 
Not ~~~~idercd a putential :soun:e of drinking water (7} 

' The mean and lor 90th percentile were determined by using a management unit loading method (i.e., more than one waste 
stream may be disposed of in one manaaement unit oausina the 90th percentile number tn Al' .. tuaUy blfl!. the JJ:um of 2 or 3 
waste volumes). 
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----------~~ ------------~ 

Table 3.2.10. Management Practices Targeted for Risk Assessment 

FC.C Catalys;t and Fines 

Parameters #of #of # RC w/ Total lOth% 50th% 90th% 
Fae. RC Unreported Volume Volume Volume Volume 

Volume (Mn (MT) <Mn <Mn 

Onsite SubtiUe D 11 22 0 112.215 - 412 5,662 
Landfills' 

Offsite Subtitle D 35 79 I 56,146 - 605 3,507 
Landfills' 

Onsite and Offsite 46 101 I o·/,541 - 602.5 5,662 
SubtiUe D 
Landfills'·' Onsite Landfill Cbaracteristics 

Surface Area (acres) I 7.13 50 

Remaining Capacity (1000 cu. yd.) 3 24.5 9,100 

Pkocnt Rcma.inin,; CApacity 0.~ s 44 

Total Capacity (1000 eu.yd.) IS 78.2 10,498 

Number of Strata in Cnrnplete.d Unit 0 3 400 

Depth Below Grade (ft) 0 5 15 

Height Above Grade (ft) 0 7.5 72 

# of Landfills: 16 

Aquifer Information 

Depth to Aquifer (ft) 12 34.5 200 

Distance to Private Well (It) 1,000 8,970 26,800 

Population Using Private Well 1 2 3 

Distance to Public Well (ft) 5,000 10,100 58,000 

Population Using Private Well 250 1,750 2,000 

# of Aquifers: 14 

Source: Public ~ 
Unreported 7 8 
Uppermost 2 4 
Lowor:moat 5 2 

Classification of Uppermost Aquifer 
Current or potential source of drinking wster (S) 
Not considen:d a puLcntial source: of drinking M.ter (9) 

• 1"he Dumber of bndf.U. c:bam:k:rized in Table 3.2.10 ia JI'CitU tb.m iud.ieaJcd in Tabla 3.2.11Dd 3.2.7 wbich focu.ca oa!y aa volllmclacocnt.cd in 
1992. Table 3.2.10 ~data from all IAod.tilb rcceiviQC catalyat and fioc:a io. aoy yw nporccd ia tbc t::J007 w.tvey. 
1 'l'k ~ Md\of 90dl pc;t~ Wl:lll:! ~ by Ula.; • IDIDICC!UICIIK IIlli' loldlae llledlod (i.e., lllOf'O Uwl OOC WUIC lll:ttal all)' be d1lpOitd of iD 

em: m.aoq:emeot wit causiag tbc. 90ib pm:et11ik DUIDbcr to ac~ be the sum of 2 or 3 waste voll.la:aN). 
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3.2..3.3 Characterization 

As discussed above, the category of "catalyst and fines from catalytic cracking" as 
defmed in the EDF consent decree includes the subcategories of "equilibrium catalyst" and 
"fmes". These subcategories were chosen because these two residuals are generated at 
different points in the process and because the Agency hypothesized that the different particle 
sizes of catalyst and fines might result in different risk results. See Section 3.2.2 for a 
description of catalyst from catalytic cracking. The subcategory "fines• was further divided 
based on how the residual fines are collected (e.g., wet or dry scrubber systems). 

Two sources of residual characterization were developed during the industry study: 

• Table 3.2.11 summarizes the physical properties of the catalyst as reported in 
Section VII. A of the §3007 survey. 

• Four catalyst fines samples were collected and analyzed by EPA. Two "dry" 
samples of the catalyst fines were collected from the fines storage bins at the 
electrostatic precipitator. Two samples of fines were collected from the wet 
scrubbers: one was dredged from the fines storage pond, and one was 
collected after the fmes had been dewatered. Table 3.2.12 provides the 
location and description of the collected samples. 

As with FCC catalyst, there is little variation in feedstocks, catalyst type, and 
regeneration practices across the industry and llu:sc: sarnple;:s are believed to be representative. 
Table 3.2.13 provides a summary of the characterization data collected under this sampling 
effort. Only constituents detected in at least one sample are shown in this table. As 
presented in the data, none of the FCC fines samples collected exhibited the toxicity 
characteristic even though heavy metals are present. High aluminum concentrations can be 
attributed to the silica-alumina make up of the catalyst. Because the units operate at severe 
operating condition, the spent catalyst tines have a very low organic content. 

3.2.3.4 Source Reduction 

As discussed for FCC equilibrium catalyst, 
source reduction techniques are very difficult to 
formulate due to the limited number of inputs to the 
system. However, by employing process efficiency modifications and/or reuse procedures, 
catalyst fines can be diverted from landfilling. Examples include: 

• Process modification - installing high-efficiency cyclones on the regenerator to 
capture a greater percentage of fines escaping with the flue gas 

• Process modification - installing an ESP instead of a wet gas scrubber to 
enable the dry fines to be recycled 
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• Reuse - like equilibrium catalyst, using fines as a feedstock. at ~,;ement plants. 

Table 3.2.11. FCC Fmes Physical Properties 

Properties # ofRC #of lOth% Mean 90th% 
Unreported 

Values 

pH 53 51 3.8 6 8 

Reactive CN, ppm 34 70 0 17.5 10 

Reactive S, ppm 39 65 0 22.5 100 

Flash Point, •c 33 71 60 89.9 125 

% 38 66 0 0.2 I 

Total Organic Carbon, vol% 31 73 0 0.12 0.35 

Specific Gravity 45 59 0.78 1.5 2.32 

Aqueous Liquid, % 63 41 0 13.9 75 

Organic Liquid, % 60 44 0 0.07 0.01 

Solid, % 95 9 56.3 90.18 100 

Particle > 60 mm, % 18 86 0 0 0 

Particle 1-60 mm, % 20 84 0 15 100 

Particle 100 I'm· I mm, % 21 83 0 21.4 100 

Particle 10-100 I'm, % 35 69 0 66.9 100 

Particle < 10 11m, % 27 77 0 34.6 100 

Mean Particle diameter, microns 28 76 10 56 100 

Table 3.2.12. FCC Catalyst Fines Record Sampling Locations 

Sample Number Location Description 

R2-FC..Ql Shell, Wood River, lL ESP fines 

R4-FC-02 Little America, Casper, WY ESP fines 

RS-FC-02 Marathon, Garyville, LA Wet scrubber fines 

R6-FC..Q2 Shell, Norco, LA Dewatered, wet scrubber fmes 
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Met\ylene chlo-ide 
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Table 3.2.13. FCC Flues Cbaraderizatioo 

Vokltlla Oq;lcllal - Mettod 62GOA ~ 
CASNo. A2-FC-Ot R4-FC-02 RS-FC-02 RO-FC-02 Avem9QCalc MaxftunC:rx: 

, ..... 
1 '·'""'I< "I< "I· "I ""'1 '·""'I 108383/1054~ 1,500 < 6 < 5 < 5 37fl t,SOO 

TctPVoleMOfglri::e- Methods i3t\and826M.~ 

CASN~~ < R2-Fc-:; < R4-Fc-: 8 R5-Fc~~02 < Rt!-FC-~02 A .... goeon.E"""Immc;o;;l 
108883 < 50 B 250 < 50 < 50 i ~50 

05478 < 508 87 < 50< 50 St 87 
106383/1J84 < SOB 210 < 50 < 50 go 210 

Sarnivoletla Drvanlca- Mellod 82106pg.4qf 
CASN:t. R2-FC-01 R4-FC-02 AS-FC-02 Re-FC-02 Avemga Calc Mumm Cxx: 

1'7811 J ... < , .. o430 J 110 ... <30 
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"' < 
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CAS ... R2-FC-01 ~FC-02 R5-FC-02 Ra-FC-02 AvemgrtConc MeJthun Cone 

7 ...... 1:10,000.0 73,000.0 54,00(10 17.000.0 88,000.0 120,000.0 
7 ........ 47.0 < • •• < 00 < ... uu <7.0 

'"""""' 11.0 < 1.0 22 ... ••• , .. 
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3.3 HYDROPROCESSING 

3.3.1 Process Description 

Hydroprocessing is used to remove organic sulfur or nitrogen from crude oil fractions 
ranging from heavy gas oils to naphthas. The hydrocarbon is heated and contacted with 
hydrogen. The mixture then passes to a fixed catalytic bed. In the reactor, organic sulfur 
and nitrogen are converted to H2S and NH3• In addition, metals that are present in the 
hydrocarbon (such as common crude elements vanadium and nickel) are adsorbed onto the 
catalyst, and some unsaturated compounds such as olefins or aromatics are saturated or 
cracked to form lighter compounds. After the reactor, fractionators or stabilizers separate 
the heavier hydroprocessed product from the newly formed ammonia. hydrogen sulfide, and 
light cracked gas. Typical reaction conditions are 550 to 850°F and 150 to 3,000 psi, with 
the more severe conditions used for heavier feedstocks (McKetta, 1992). A simplified 
process flow dia~:ram for a typical hydroprocessing unit is shown in Figure 3. 3. I. 

Figure 3.3.1. Hydroprocessing Unit Process F1ow Diagram 
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In 1993, refineries reported hydroprocessing capacity of approximately 10.6 million 
barrels per stream day in the United States (excluding Puerto Rico and the Virgin Islands). 
This compares to a total U.S. crude oil distillation capacity of approximately 15.6 million 
barrels per stream day. Therefore, hyproprocessing is used extensively in the refinery. The 
most common types of feeds are as follows (DOE's Petroleum Sunnly Annual 1993): 

• Naphtha reformer feed (38 percent of hydroprocessing capacity). Naphthas 
generated from distillation, cracking, and other processes often have a low 
octane value. To boost octane, the stock is sent to a catalytic reforming unit. 
However, because sulfur is a poison to the reformer catalyst the feed is almost 
always hydroprocessed prior to entering the reformer reactors. 
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• Di~tillate (34 p~:rcent of hydroproce~~ing capacity). Distillate includes both 
diesel fuel and jet fuel. The 1990 Clean Air Act Amendments required the 
sulfur content in on-road diesel fuel to be 0.05 percent by October 1993. 
Many refineries have recently installed or expanded existing 
hydrodesulfurization reactors as a "polishing step" for their diesel fuel. 

Historically, jet fuel has required low levels of aromatics to meet specifica
tions; these can be removed by saturation during hydroprocessing. (Another 
method, clay treating, also is common but is not a hydroprocessing process). 

• Heavy gas oil (18 percent of hydroprocessing capacity). Heavy gas oil is a 
common FCC feed. Hydroprocessing reduces S02 emissions in the flue gas 
and decreases metal loadings on the FCC catalyst. 

• Other/Residual (9 percent of hydroprocessinil capacity). Other hydroproc
essing applications include: 

Lubricant~- Paraffinic stock is processed in the luhe plant hy hydro
processing to remove organic sulfur and nitrogen, saturate aromatics, 
and crack waxes. 

Gas oil/residual oil. Heavy oils may be hydroprocessed as feed to a 
cracking unit. The extent to which these feeds are combined with 
heavy gas oil for DOE's calculation purposes is not known. 

The above streams are associated with fuel processing operations. One other refmery 
hydroprocessing application, sulfur plant tail gas treating, is associated with the facility's 
Claus (sulfur) plant (no fuerprocessing is conducted at the sulfur plant). As discussed 
further in Section 3.9, a significant portion of sulfur unit catalyst is generated from tail gas 
treating. A refinery's Claus sulfur recovery unit generates an emission stream with c~, 
H20, and SOz. At facilities that further remove sulfur from this emission in a tail gas 
treating unit, the most common approach is first to convert the S02 in the offgas to H2S by 
hydroprocessing. Unlike other hydroprocessing units, however, there is no fractionation 
following the reactor because the products are all light gases. This tail gas unit catalyst is 
discussed here because it more closely resembles the other hydroprocessing catalysts in 
characterization and management than the Claus unit catalyst. 

The most common hydroprocessing catalysts are nickel/molybdenum on alumina and 
cobalt/molybdenum on alumina. Concentrations of cobalt or nickel are approximately 2 to 3 
percent, while the concentration of molybdenum is approximately 10 percent (McKetta, 
1992). Hydrocracking reactors, which conduct more extensive cracking than 
hydroprocessing units and commonly use a different catalyst, such as nickel/tungsten, are not 
included in this scope of hydroprocessing. The Agency is collecting data on hydrocracking 
residuals separately. 
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3.3.2 Hydrotreating Catalyst - Residual 6 

3.3.2.1 Description 

The distinction between' "hydrotreating" and "hydrorefining" is not a clear one. Both 
fall under the broad term "hydroprocessing" because both perform similar functions of 
desulfurization, denitrification, and saturation. EPA has chosen to distinguish the two 
processes by the type of feeds and the severity of treatment. Hydrotreating involves the 
treatment of lighter boiling stocks under less severe conditions, while hydrorefming involves 
the treatment of higher boiling stocks under more severe conditions. However, exceptions to 
these definitions result from nomenclature used by process licensors. Hydrotreating catalyst, 
therefore, is used in the treatment of: 

• Naphtha 
• Lube oils 
• Some middle distillates. 

Note that the Oil&: Gas Journal's annual report on Worldwide Refining defines 
hydrotreating to include "processes where essentially no reduction in the molecular size of 
the feed occurs." Subcategories of hydrotreating are identified as: (1) pretreating catalytic 
reformer feeds, (2) naphtha desulfurizing, (3) naphtha olefin or aromatics saturation, (4) 
straight-run distillate, (5) pretreating catalytic cracker feeds, (6) other distillates, (7) lube oil 
"polishing," and (8) other. The Agency believes that its definition, while simpler, is 
generally in keeping with the O&:GJ definition. Further, because both hydrotreating and 
hydrorefming catalyst are proposed to be listed as hazardous waste, more precise definitions 
are not necessary. 

As stated in Section 3. 3.1 , both 
carbon (from cracking reactions) and metal 
deposition will poison (deactivate) the 
hydrotreating catalyst. Catalyst life is 
dependent on the severity of cracking and 
the metals loading; changeout occurs every 
1 to 5 years. The catalyst closest to the 
entrance (top) of the reactor becomes 
deactivated first, and for this reason is 
sometimes replaced more frequently than 
the whole reactor contents (this is a 
"topping" operation). When catalyst 
activity is unacceptable, the reactor is taken 
out of service and undergoes one or more 
of the following steps to reduce the 
hydrocarbon content of the reactor: 
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• Nitrogen sweep (to remove naphtha) 
• Hydrogen sweep (to bum residual hydrocarbon) 
• Oxidation (to bum residual hydrocarbon) 
• Steam stripping or watc::r wash (to rc::movc:: volatiles). 

The vast majority of refineries uses catalyst comprised of nonprecious metal oxides on 
alumina. Based on a total of 349 hydrotreating reactors reporting spent catalyst generat:lon in 
the questionnaire, 53 percent reported using Ni/Mo catalyst, 38 percent reported using 
Co/Mo catalyst, and 3 percent reported using the trimetal combination of nickel, cobalt, and 
molybdenum on a single catalyst or as a combination ot' catalysts. The remaining 6 percent 
reported using other metals. Precious metal hydrotreating catalyst such as palladium is 
reportedly used in specialized applications but was not considered by EPA to be part of the 
scope of the study. Hydrotreating catalyst component concentrations are presented in the 
following table. 

Fresh Hydrotreating Catalyst Component Concentrations (wt%) 

Application NIO CoO Mo03 PlOs AI203 

Desulfurization - 2-5 8-20 0-2 Balance 

Low severity desulfurization, 2-4 -- 8-16 0-4 Balance 
denitrogenation, & olefin saturation 

Low severity desulfurization, 3-4 -- 15-20 4-8 Balance 
denitrogenation, olefin saturation, 
PNA saturation, mild hydrocracking 

Source: Metal Catalyst Producers Panel of the Chemical Manufacturers Association. 

Approximately 2,236 MT of the 
hydrotreating catalyst generated in 1992 was 
identified as displaying hazardous 
characteristics. This is approximately 40 
percent of the total volume managed. 

As a supplement to the listing 
determination effort, the Agency asked the 
cataly~t rc::claimers and regenerators to 
submit RCRA hazardous characteristic data, 
particularly the ignitable or self-heating 
properties, for the hydrotreating and 
hydrorefining catalyst they receive for 
regeneration or metals reclamation. Several 
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of the reclaimers\regenerators responded to the request and a summary of their information is 
presented below. 
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CRl-MET, a metals reclaimer, typically divides the cataiyst-feed into two categories: 
hydrotreating (HDS) and hydrorefining (resid). HDS catalyst are those which process non
residual feeds. HDS catalyst are stripped of oil prior to dumping and contain silica, arsenic, 
benzene, etc. CRl-MET responded that HDS cataiyst have a higher potential than resid 
catalyst to fail the DOT self-heating test especially as they typically are dumped oil free 
allowing rapid access of air to any metal sulfides present in the catalyst. Resid catalyst 
process residual (heavy) feeds. These catalyst are rarely free of oil prior to dumping and 
contain elevated levels of deposited vanadium. CRI-MET has not had any resid catalyst fail 
DOT's test for self-heating. The large amount of oil (10-18%) which is inherently present 
on these catalyst effectively seals any reactive metal sulfides from oxygen. If these catalysts 
were oil-free, they would probably be self-heating like the HDS catalyst. CRI-MET said that 
approximately 25 percent of the catalyst they receive is classified as RCRA hazardous: D001 
(12.55%), D001 and other (2.14%), D003 (2.24%), D003 and other (1.15%), DOOl & 0003 
(1.19%), and other (primarily 0004 & D018) (5.8%). 

CRI International, Inc. (CRII), a catalyst regenerator, provided hazardous 
characteristic information for the hydrotreating, hydrorefining and various petrochemical 
catalyst they receive for regene!'lltion. Table 3.3.1 provides the customer classification data 
of the spent catalyst shipped to CRII's Lafayette, Louisiana regeneration facility. CRII also 
stated that due to the pyrophoric/self-heating tendency of the catalyst they experience 3 to 5 
uncontrolled temperature exotherms each year in their dust collector and 5 to 7 times per 
year the plants have experienced uncontrolled exotherms of the spent catalyst. CRII stated 
that due to the "absence of a really definitive test• for self-heating characteristics these spent 
catalyst may or may not have been identified as potential self-heating or pyrophorie material. 

Table 3.3.1. CRD lgnltabUity and Reactivity Data for Hydroprocessing Catalysts 

Hazardous Characteristic 1992 (tons) 1993 (tons) 1994 (tons) 

0001 1,035.4 2,017.7 533.7 

D003. 0 46.8 337.7 

DOOl, D003 0 166.5 99.3 

D001, D018 378.5 74.4 580.2 

D003, D018 224.8 0 0 

DOOl, 0003, D018 50.7 228.8 327.4 

Total Ignitability & Reactivity 1,689.4 2,534.3 1,878.3 

tion 3,000 2,900 3,900 

Gulf Chemical & Metallurgical Corporation (GCMC), a catalyst metals reclaimer, also 
provided pyrophoric/self-heating and ignitability information for the hydrotreating and 
hydrorefming catalysts. GCMC conducted a study to determine the effect of hydrocarbon 
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content on the vataly~t'~ J1a:;h point and the effect of the free oil content on the self-heating 
characteristic. The following summarizes their results. 

• 

• 

• 

• 

3.3.2.2 

The catalyst flash point was reduced by adding free oil. The addition of 16% 
free oil reduced the flash point from 280° to 195°F. The presence of light 
hydrocarbons, with flash points below 140°F, could change the ignitability of 
spent catalyst. The study of the effect of different types of oil on the flash 
point was not part of this work. 

RCRA non-hazardous spent catalyst clearly exhibited self-heating 
characteristics when held in an oven at 14o•c for 24 hours. The chemical 
changes increased the temperature of the sample to 257•c. 

The volume of material and the availability of oxygen affect self-heating 
characteristics. The temperature at the beiinning of the test was between 80 • 
and 175°C depending on depth. The heat generated in a pile of catalyst stored 
outdoors increased the temperature of the pile, 3 feet below the surface, to 
320"C in 30 day~. At li feet helow ~nrfa~. the final temperature was 235°C 
and. 14o•c at 10 feet. The temperature increase was almost linear at a rate of 
7•c per day. 

Spent catalyst stored in piles exhibit self-heating and self-ignition 
characteristics. 

Generation and Management 

The spent catalyst is vacuumed or gravity dumped from the reactors. Based on 
information from site visits, most refineries place the material directly into closed containers 
such as 55-gallon drums or flow-bins. The RCRA §3007 questionnaire and site visits 
indicate that very few of refineries use other interim storage methods. 

Ninety-two facilities reported generating a total quantity of 5, 640 MT of this residual 
in 1992, according to the 1992 RCRA §3007 Questionnaire. Residuals were assigned to be 
"spent hydrotreating catalyst• if they were assigned a residual identification code of "spent 
solid catalyst" or "solid catalyst ftnes" and were generated from a process identified as a 
hydrotreating unit. These correspond to residual codes 03-A and 03-B, respectively, in 
Section VII.2 of the questionnaire and process code 06 in Section IV-l.C of the 
questionnaire. Quality assurance was conducted by ensuring that all hydrotreating catalysts 
previously identified in the questionnaire (i.e., in Section V .B) were assigned in Section 
VII.2. Based on the results of the questionnaire, 131 facilities use hydrotreating unit~ and 
thus are likely to generate spent hydrotreating catalyst. Due to the infrequent generation of 
this residual, not all of these 131 facilities generated spent catalyst in 1992. However, 1992 
is expected to be a typical year in regard to catalyst change-out volume and management. 
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Table 3.3.2 provides a description of the quantity generated, number of streams reported, 
number of unreported volumes, and average and 90th percentile volumes. 

Table 3.3.2. Generation Statistics for Spent Hydrotreating Catalyst, 1992 

FmaJ Ma.nogemcot II of II or Streams Total Average 
Streams w/ unreported Volume Volume 

volume (MT) (MTI 

Transter metal catalyst for recJamallon or 122 ~ 4,274 35 
regeneration 

Disposal offsitc in Subtitle C landfill 21 2 639 30 
··-!--···--· 

Disposal in offsitc Subtitle D landfill 20 I 408 20 

Rcuse1 8 0 202 25 

Other offsite management2 3 0 43 14.4 

Disposal in onsitc Subtitle D landfill 3 0 12 4 

Onsitc land treatment I 0 7 7 

Storage/unknown offsite' 5 0 56 11 

184 17 5,640 31 

1 Onsitc reuse includes· reuse as catalyst in tho same or a similar unit, and reuae of catalyst support balls. 
2 Otller otfsitc management includes incineration and stabi.l.i.Zabon. 

90th 
Percentile 

Volume (MT) 

100 
(estimate) 

71 

56 

85 

26 

12 

7 

35.2 

77.4 

' Storage/unknown offsitc includes (1) onsitc storage with no final management and (2) transfer to an unspecified offsitc 
facility. 

Plausible management scenarios were chosen by EPA on which to perform risk 
assessment modeling. The scenarios were chosen based on the existing and possible "high 
potential exposure" disposal practices currently used. Given the Agency's past experience 
with risk assessment modeling, the management practices summarized in Table 3.3.2 were 
reviewed to identify those practices likely to pose the greatest threats to human health and the 
environment. The selected management practices are: 

• Onsite Subtitle D landfilling (used for 0.2 percent of the total residual 
volume). An onsite monofill scenario was rejected because of the intermittent 
(less than once per year) generation frequency which is not typical of waste 
that tends to be monofilled. 

• Offsite Subtitle D landfilling (used for 7 percent of the total residual volume). 

The risk assessment input quantities for modeling releases using these scenarios were 
derived from the distribution of volumes from all management practices except for Subtitle C 
landfilling. These input values were greater than those associated with Subtitle D landfilling. 
The Agency chose this approach to determining risk assessment model input parameters after 
evaluating current trends in management practices. Information provided by catalyst 
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reclaimers such as CRI-MET indicates that refineries have been shifting frum reclamatiun tu 
landfilling because of the depressed metals markets. This economic factor has made 
landfilling significantly more cost-effective than reclamation (aside from any potential 
liability reductions associated wit.h reclamation). EPA predicted that if the risk assessment 
modeling were to show no basis for listing hydroprocessing catalysts, the trend to increase 
landfilling would be accelerated. As a result, the Agency determined that it was appropriate 
to consider the entire distribution of volumes reported in 1992 in creating the risk assessment 
inputs, rather than limiting the inputs to those catalysts reported to be landfilled in Subtitle D 
units. The only exception was those volumes reported to be managed in Subtitle C units 
which were assumed to be characteristic and thus would never be managed in Subtitle D 
units. 

The dominant management method for this residual, transfer for offsite metals 
reclamation/regeneration, was·not selected for modeling risks. A small number of catalyst 
reclaimers service the refining industry, such as CRI-MET in Louisiana and Gulf 
Metallurgical in Texas, and reclaim spent catalyst for its vanadium, nickel, and molybdenum 
metal values. EPA conducted engineering site visits to both facilities. Both of these 
reclamation facilities routinely manage both characteristically hazardous and nonhazardous 
spent catalysts. One facility segregates the hazardous and nonhazardous feedstocks but 
following storage, both the hazardous and nonhazardous feeds are subjected to the same 
process. Therefore, risks from processing are equal for both characteristic and nonhazardous 
wastes. 

A more detailed study of the catalyst recycling industry would be a significant 
endeavor, and was determined to be outside the scope of this listing determination. Based on 
the site visits described above, EPA believes that the practice of spent catalyst reclamation is 
valuable because it is consistent with the intent of RCRA and because, based on EPA's · 
preliminary review of this industry, the spent catalysts appear to be managed and processed 
in a way that controls risks. 

Two volume scenarios were used in the risk assessment: 

• Using volume statistics for all management practices except those in a Subtitle 
C landfill. This assumption reflects the theory that a "no-list" decision might 
encourage refineries to choose Subtitle D landfilling over metals reclamation 
(which is a cost-effective choice only when metals prices or liability concerns 
are high). 

• Use statistics for all wastes landfilled in Subtitle D landfills. This assumption 
is consistent with all other landfilled wastes. 

A summary of EPA's reasoning in selecting pathways for quantitative risk assessment 
modeling is presented in Table 3.3.3. The Agency evaluated whether to model interim 
storage practices, in addition to the final management practices described in Table 3.3.3. 
Based on the engineering site visits and sampling trips, the Agency believes that on-site 
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storage of these residuals is infrequent (i.e., the catalysts are only generated every 2-5 
years), short term in nature due to space constraints on the unit and costs associated with 
container rental, and carefully controlled due to the potential pyrophoric nature of the 
residual (e.g., in closed tlobins under an inert gas blanket). 

The characterization data for the management units and their underlying aquifers were 
collected in the §3007 survey. Table 3.3.4 provides a summary of the data for the targeted 
management practices used in the risk assessments for this residual. This table is developed 
using the RCRA §3007 survey of facilities reporting onsite Jandfilling of hydrotreating 
catalyst in any reported year. The survey specified, that if the residual was not generated in 
1992, to provide the information for the last year the residual was generated. 

Table 3.3.3. Selection of Risk Assessment Modeling Scenario: 
Spent Hydrotreating Catalyst 

F'mal Management Basis for Consideration in Risk Assessment 

Trausfcr we:tal ~taJ.yl;t fur rt:;\;bl.lllilliuu UI Nut llllJfJ.el~; :sec::: di~~iun on pn:vious page 
regeneration 

Disposal offsite in Subtitle C landfill Not modeled, already managed as hazardous • no 
incremental risk to control 

Disposal in offsite Subtitle D landfill Modeled 

Onsite reuse' Not modeled, excluded management practice 

Other offsite management' Not modeled, minor volumes 

Disposal in onsite Subtitle D landfill Modeled 

Onsite land treatment Not modeled, de minimis volume ( < 10 MT) unlikely to 
present risk 

Storage/unknown offsite' Not modeled, minimal volume; no defined release path 
of concern 

1 Onsite reuse includes reuse as catalyst in the same or a similar unit, and reuse of catalyst support balls. 
z Other offsite management includes incineration and stabilization. 
3 Storage/unknown offsite include$ (1) onsitc storage with no final manasemeot and (2) lnmBfer to an 
unspecified offsite facility. Interim storage was not modeled between release pathway would be unlikely due to 
widespread use of closed containers. 

Petroleum Refining Listing Determination 
Final Background Document 80 October 31, 1995 



Table 3.3.4. Management Practices Targeted for Risk Assessment 

Parameters #of #of # RC w/ Total lOth% Mean 90th% 
Fa<. RCs unreportl!d Volume Volume Volume Volume 

volume (MT) (MT) (MT) (MT) 

Onsite and Offsite 13 23 I 419 - 20 70 

Subtitle D Landfills" 

AU Management - 163 15 5,000 - 20 77.4 
fu..:;tic;c:. Except 

Onsite Landiill Characteristics Subtitle C Landfills'·' 

Surface Area (acres) 0.02 7.38 30 

Remaining Capacity (cu. yd.) 280 . 30,735 838,000 

Percent Remaining Capacity 2 9 80 

Total Capacity (cu. yd.) 400 83,900 840,000 

Number of Strata in Completed Unit 0 8 16 

Depth Below Grade (11) 3 18 so 

Height Above Grade (ft) 0 0 12 

# of Landfilb: 5 

Aquifer Information 

""'r>th to AquU.r (ft) 14 39 265 

Distance to Private Well (It) 3,500 8,97~ 26,400 

Population Using Private Well 1 I I 

Distance to Public Well (It) 13,200 26,400 58,000 

Population Using Public Well 1,500 1,500 1,500 

# of Aquifers: S 

Source: Public fd:!!!2 
Unreported 3 1 
Uppermost 1 2 
Lowennost I 1 
Combinaticn 0 1 

Classification of Uppermost Aquifer: 
Cunent or potential source of drinking water {1) 
Not considered a potential source of drinking \lnlt.er (4) 

1 The number of onsite landfills characterized in this table is greater than indicated in Table 3.3.2, which focuses only on 
volumca generated in 1992. Table 3.3.4 incorporale$ data from aU onsite landfills receiving catalyst in any year reported in 
the §3007 survey. 
' The moan and lor 90th percentile were determined by using a management unit loading method (i.e., more than one waste 
stream may be disposed of in one management unit causing the 90th percentile number to actually be the sum of 2 or 3 
waste volumes). 
1 Models used the same input volumes for both on- and offsite Subtitle D landfill scenarios. 
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3 . .3.2 . .3 Characterization 

Two sources of residual characterization were developed during the industry study: 

• Table 3.3.5 summarizes the physical properties of the spent catalyst as report
ed in Section VII.A of the §3007 survey. 

• Six record samples of spent hydrotreating catalyst were collected and analyzed 
by EPA. These spent catalysts represent the various types of applications and 
active metals used by the industry and are summarized in Table 3.3.6. 

The collected samples are expected to be representative of naphtha hydrotreaters and 
other distillate hydrotreaters. These comprise the majority of hydrotreating applications. 
Five of the six samples represent naphtha feeds. This is well represented for one of the 
principal services of hydrotreating reactors, hut does not represent other :applie:ations sueh as 
jet fuel hydrotreating. However, contaminants potentially present in naphtha feeds would 
likely be present in other distillate hydrocarbon feeds. Therefore, spent catalyst from these 
applications should be similar to spent catalyst from other feeds because the same function of 
desulfurization is being performed. Five of the six samples represent nickelfmolybdenum 
catalyst. As discussed earlier, almost all reactors use Ni/Mo and/or cobalt/molybdenum, 
with slightly more using nickelfmolybdenum. This split, therefore, is representative of most 
hydrotreating functions. Additionally, the samples represent different catalyst pretreatment 
techniques. One of the samples was taken from catalyst that did not undergo a carbon bum 
prior to dumping. However, it is expected to be representative because, based on the results 
of the RCRA §3007 questionnaire, not all catalysts undergo carbon bum. 

Other hydrotreating applications account for a 
small percentage of the hydiotreating universe. 
Hydrotreating applications for lubricants include lube 
oil hydrotreating, wax hydrotreating, and catalytic 
dewaxing (used to crack waxes in lube oils) and are 
used by 20 facilities. According to the RCRA §3007 
questionnaires, most (75 percent) of these facilities use 
Ni/Mo catalyst. Other catalysts such as Co/Mo, 
Ni/W, and palladium are used less frequently. 
Hydrotreating units with palladium catalyst are 
specifically excluded from the scope of this study 
because only non-precious metal catalysts were the 
subject of the EPA/EDF consent decree with respect to 
hydrotreating (based on a review of the underlying 
documents used in development of the consent decree 
language (i.e. , refer to MRI report)). 

8~*8~~·.•·.········ 
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All six samples were analyzed for total and TCLP levels of volatiles, semivolatiles, 
and metals. Three of the samples were found to exhibit the toxicity characteristic for 
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benzene (i.e., the level of benzene in tlH;:s~;: samples' TCLP exuact.s excc:;;dt:d Lhe 
corresponding regulatory level). The high aluminum, molybdenum, nickel, and cobalt 
concentrations can be attributed to the catalyst make up: nickel/molybdenum or 
cobalt/molyb<.l~;:num on alumina. A summary of the results is presented in Table 3.3.7. Only 
constituents detected in at least one sample are shown in this table. 

Uue to the pyrophoric nature of the spent catalyst, at least 2 refineries would not 
allow sample collection from the flow-bins once they had been sealed. One refinery 
requested the sample be stored in an inert atmosphere to decrease the possibility of the 
sample igniting. Another refinery would not allow sample collection due to a possible 
presence of nickel carbonyl. 

Table 3.3.5. Hydrotreating Catalyst Physical Properties 

Properties 

pH 

ve CN, ppm 

Reactive S, ppm 

Flash Point, C 

Oil and Grease, vo1% 

Total Organic Carbon, vol.% 

Specific Gravity 

BTU Content, BTU/lb 

Aqueous Liquid, % 

Organic Liquid, % 

Solid, % 

Particle > 60 mm, % 

Particle 1-60 mm, % 

Particle 100 p.m-1 mm, % 

Particle 1 o-1 00 p.m, % 

Particle < 10 p.m, % 

article diameter, microns 
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# of #of 
Values Unreported 

Values 

132 259 

102 289 

122 269 

112 279 

59 328 

52 339 

94 297 

27 364 

179 212 

180 211 

289 102 

86 305 

117 274 

81 310 

66 325 

65 326 

37 349 

83 

lOth% Mean 90th% 

4.2 6.4 8.2 

O.Q3 30.7 50 

1.0 845 160 

43.3 84 127 

0 3.6 9.0 

0 4.0 10 

0.66 1.10 2.06 

0 1,244 6,177 

0 1.3 2.0 

0 0.5 1.0 

96.5 98.8 100 

0 21 100 

0 83 100 

0 7.8 10 

0 2.1 1.0 

0 0.3 0 

0 2100 3,200 
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Table 3.3.6. Hydrotreating Catalyst Record Sampling Locations 

Sample number Facility Description: Type of Feed, Catalyst 

R1-TC-Ol Marathon, Indianapolis, Naphtha reformer feed, Co/Mo catalyst 
IN 

RSA-TC-01 Amoco, Texas City, TX FCC feed, Ni/Mo catalyst 

R3B-TC-Ql Ilxxon, Billings, MT Naphtha, Ni/Mo catalyst 

Rll-TC-01 ARCO, Ferndale, WA Naphtha, Ni/Mo catalyst 

R22-TC-Ul Star, Port Arthur, TX FCC feed', Ni/Mo catalyst 

R18-TC-01 Ashland, Canton, OH Naphtha reformer/isomerization feed, 
Ni/Mo catalyst 

1 A unit accepttng FCC feed would typically be designated as hydrorefining; however, the generating facility 
d.,.;~ lhi• IOUDplc lU be hydrutrcatiug calalys<. 

3.3.2.4 Source Reduction 

Little can be done to reduce the quantity of these generated catalysts since, by design, 
they must be periodically replaced with fresh catalyst. The greatest waste minimization 
opportunities arise from sending these materials offsite for metals regeneration, reclamation 
or other reuse. 

The engineering site visits reported some incremental process or treatment modifica
tions that can result in lower volumes of spent catalyst or lower risk/toxicity. These include: 

• Offsite regeneration and reintroduction to reactor results in lower volumes of 
catalyst being disposed or reclaimed. 

• Separation of support material for onsite reuse reduces the volume of material 
sent offsite. 

• Upstream process changes to eliminate catalyst poisons reduce the frequency 
of catalyst turnover. 

In addition, the literature reports some operational modifications that can be used to 
decrease spent catalyst generation. These are summarized in Table 3.3.8. 
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Table 3.3.7. Residual Cbaracterizatioa Data for Spe11t Hydrnlreating Calalysl 
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3.3.8. 

McKetta. 1992 

Monticello, D.J. "Biocatalytic Desulfurization. • 
Hydrocarbon Processing. February 1994. 

"NPRA Q&A 1: Refiners Focus on FCC, 
Hydroprocessing, and Alkylation Catalyst. • Oil & 
Gas Journal. March 28, 1994. 

Waste Minimization Methods 

Guard columns can be used to 
adsorb metals that would otherwise 
deactivate the main column. 

Material substitution (eliminating 
use of metallic catalysts). 

Regeneration. Top-bed skimming. 

Gorra, F., Scribano, G., Christensen, P., Material substitution. 
Anderson, K.V., and Corsaro, O.G. "New 
Catalyst, Improve Presulfiding Result in 4 + Year 
Hydrotreater Run." Oil & Gas Journal. August 
23, 1993. 

"Petroleum-derived Additive Reduces Coke on Process modification. 
Hydrotreating Catalyst. • Oil & Gas Journal. 
December 27, 1993. 

Berrebi, G., Dufresne, P., and Jacquier, Y. Metals reclamation. 
"Recycling of Spent Hydroprocessing Catalysts: 
EURECAT Technology." .Environmental Progress. 
May 1993. 
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3.3.3 Hydrorelming Catalyst • Residual 7 

3.3.3.1 Description 

Hydrorefining catalyst is generated in a manner similar to hydrotreating catalyst. 
Units generating hydrorefining catalyst include the following: 

• Gas oil desulfurization 
• Residual desulfurization 
• Desulfurization of some middle distillates. 

Note that the Oil&: Gas Journal's annual report on Worldwide Refining defines 
hydrorefming to include "process where 10% of the feed or less is reduced in the molecular 
size." Subcategories of hydrorefining are identified as: (1) residual desulfurization, (2) 
heavy gas oil desulfurization, (3) catalytic cracker and cycle stock, (4) middle distillate, and 
(5) other. The Agency believes that its definition, while simpler, is generally in keeping 
with the .0&: GJ definition. 

The poisoning mechanisms for hydrorefining catalyst are similar to those for hydrotre· 
ating catalyst and catalyst removal is conducted in the same way. However, some facilities 
take great care to keep the hydrorefining catalyst in an inert atmosphere during all phases of 
catalyst removal. This is because ferric sulfide, a byproduct of the reaction, can react with 
oxygen and cause pyrophoricity. 

When catalyst activity is unacceptable 
(every 1 to 5 years), the reactor is taken out of 
service and undergoes one or more of the 
following steps to reduce the hydrocarbon 
content of the reactor: 

• 
• 

Nitrogen sweep (to remove naphtha) 
Hydrogen sweep (to bum residual 
hydrocarbon). 

The vast majority of refmeries uses 
catalyst comprised of nonprecious metal oxides 
on alumina. Based on a total of 114 
hydrorefming reactors reporting spent catalyst 

Catalyst··Ptetreatment··Steps 

. Ni(!ogCA/~eep · 
Hy~z;qg~'1 ~\\'~ •. 

. ~0 pc~ti(llti .. ·. 

. :t-[eut!'alizatio#l 
· ·· otherttirlk:riown 

4lf~.~R~~·. 
$! fa¢iliti¢s . 
5 fai:lliiibs 
riirac:jfi#~. 

'' ,'•"' '' ; •,.''' '_. ' · .. -·· ' -·- '. . '· ,- -> ' 
. '''' 

··~ourdt\: S~.f~ylti~.~~ i~···~itu·· 
ti"e<~:tment • . ~fc:Jr,t!!:a~on . f~olll'· ~eRA: · 

. §3007questi()nnaire; 

generation in the questionnaire, 50 percent reported using Ni/Mo catalyst, 35 percent 
reported using Co/Mo catalyst, and 11 percent reported using the combination of nickel, 
cobalt, and molybdenum (either as one catalyst or as a mixture of catalysts). The remaining 
4 percent report using miscellaneous combinations of these metals. Usage of precious metal 
hydrorefining catalyst, if any, was not investigated by EPA as part of the scope of the study. 
Hydrorefining catalyst component concentrations are presented in the following table. 
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Approximately 5,028 MT of hydrorefining 
catalyst generated in 1992 were identified as 
displaying hazardous characteristics. This is 
approximately 27 percent of the total volume 
managed. For more information on hazardous 
characteristics and the pyrophoric or self-heating 
tendencies of hydrotreating and hydrorefining 
catalysts refer to Section 3.3.2.1. 

1992 ldenUficaUon of 
Hydrorefining CatalySt. 

0018 (TC ben,ze11e) 3,164 MT 
DOOl (Ignitable) 1,!)71 MT 
D004 (TCarsenic) 755 MT 

Totalidentified ;IS hazardous: ·s,028 
MT (only the. most common. codes 
are listed;. some streams carry 
multiple COdes)·. · 

Fresh HydroreHning Catalyst Component Concentrations (wt%) 

Application NiO CoO Mo03 P%05 
AI n 

Fixed bed, NiMo 2-5 -- 12-18 0-7 Balance 

Fixed bed, CoMo -- 2-5 12-18 0-5 Balance 

Ebullating bed 3-4 - 12-18 0-2 Balance 

Source: Metal Catalyst Producers Panel of the Chemical Manufacturers Association. 

3.3.3.2 Generation and Management 

The spent catalyst is vacuumed or gravity dumped from the reactors. Based on 
information from site visits, most refineries place the material directly into closed containers 
such as 55-gallon drums or flow-bins. The RCRA §3007 questionnaire and site visits 
indicate that few refineries use other interim storage methods. 

Thirty-eight facilities reported generating a total quantity of 18,634 MT of this 
residual in 1992, according to the 1992 RCRA §3007 questionnaire. Residuals were assigned 
to be • spent hydrorefming catalyst" if they were assigned a residual identification code of 
"spent solid catalyst" or "solid catalyst fmes• and were generated from a process identified 
as a hydrorefining unit. These correspond to residual codes 03-A and 03-B, respectively, in 
Section vn.2 of the questionnaire and process code 07 In Section IV-l.C of the 
questionnaire. Quality assurance was conducted by ensuring that all hydrorefining catalysts 
previously identified in the questionnaire (i.e., in Section V .B) were assigned in Section 
Vll.2. Based on the results of the questionnaire, 58 facilities use hydrorefmlng units and 
thus likely generate spent hydrorefming catalyst. Due to the infrequent generation of this 
residual, not all of these 58 facilities generated spent catalyst in 1992. However, 1992 is 
expected to be a typical year in regard to catalyst change-out volume and management. 
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Table 3.3.9 provides a description of the quantity generated, number of 5treams repo1ted, 
number of unreported volumes, and average and 90th percentile volumes. 

Table 3.3.9. Generation Statistics for Spent Hydrorerming Catalyst, 1992 

Fmal Management #of #of Streams Total Average 90th 
Streams with Volume Volume Percentile 

unreported (MT) (MT) Volume (MT) 
volume 

Transfer metal catalyst for 63 0 15,359 244 500 
reclamation or regeneration (estimate) 

Disposal off:tit.e; in SubtiLlc D l.a.m.lfill s 0 2,348 470 2,099 1 

Disposal onsite in Subtitle D landfill I 0 700 700 700 

Disposal offsitc in Subtitl• C tandrill 2 0 198 99 151 

Offsite recycle I 0 29 29 29 

TOTAL 72 0 18,634 255 500 

1 This particularly high volume was verified with !he generating facility; !he spent catalyst was generated from a large unit. 

Plausible management scenarios were chosen by EPA on which to perform risk 
assessment modeling. The scenarios were chosen based on the existing and possible "high 
potential exposure" dispoAAI practices currently used. Given the Agency's past experience 
with risk assessment modeling, the management practices summarized in Table 3.3.9 were 
reviewed to identify those practices likely to pose the greatest threats to human health and the 
environment. 

The selected management practices are: 

• Onsite Subtitle D landfilling (used for 4 percent of the total residual volume). 
An onsite monofill scenario was rejected because of the intermittent (less than 
once per year) generation frequency which is not typical of waste that tends to 
be monofilled. 

• Offsite Subtitle D Iandfilling (used for 13 percent of the total residual volume) 

The input quantities for modeling releases using these scenarios were greater than 
those actually landftlled in 1992. Instead, the management quantity is assumed to be the total 
quantity generated (minus that managed in Subtitle C units already). This is because other 
management methods, in particular reclamation, could change to landf!l.ling in the future due 
to economic factors, convenience, or other factors. See Section 3.3.2.2 for additional 
details. 
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As with the hydrotreating catalyst, the Agency detemtined that it was unnecessary lo 
model interim storage prior to final management. 

The management method accounting for the majority of the residual, transfer for 
offsite metals reclamation/regeneration, was not selected for modeling risks. A small 
number of catalyst reclaimers, such as CRI-MET in Louisiana and Gulf Metallurgical in 
Texas, reclaim spent catalyst for its vanadium, nickel, and molybdenum metal values. Both 
of these reclamation facilities routinely manage both characteristically hazardous and 
nonhazardous spent catalysts. One of these facilities segregates the hazardous and 
nonhazardous feedstocks, but following storage, both the hazardous and nonhazardous feeds 
are subjected to the same process. Therefore, risks from processing are equal for both 
characteristic and nonhazardous wastes. 

A more detailed study of the catalyst recycling industry would be a significant 
endeavor, and was determined to be outside the scope of this listing determination. Based on 
the site visits described above, EPA believes that the practice of spent catalyst reclamation is 
valuable because it is consistent with the intent of RCRA and because, based on EPA's 
preliminary review of this industry, the spent catalysts appear to be managed and processed 
in a way that controls risks. 

Two volume scenarios were used in the risk assessment: 

• Using volume statistics for all management practices except those in a Subtitle 
C landfill. This assumption reflects the theory that a •no-list" decision would 
encourage refineries to choose Subtitle D landfllling over metals reclamation 
(which is a cost-effective choice only when metals prices or liability concerns 
are high). 

• Use statistics for all wastes landffiled in Subtitle D Jandffils. This assumption 
is consistent with all other landfilled wastes. 

A summary of EPA's reasoning in selecting pathways for quantitative risk assessment 
modeling is presented In Table 3.3.10. 

The characterization data for the management units and their underlying aquifers were 
collected in the §3007 survey. Table 3.3.11 provides a summary of the data for the targeted 
management practices used in the risk assessment for this residual. This table is developed 
from facilities reporting onsite landfilling of hydrorefrning catalyst in any year according to 
the RCRA §3007 survey. 
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Table 3.3.10. Selection of Risk Assessment Modeling Scenario: 
Spent Hydrorcrming Catalyst 

Final Management 

Transfer metal catalyst for reclamation 
or regeneration 

Disposal offsite in Subtitle D landfill 

Disposal onsite in Subtitle D landfill 

Disposal offsite in Subtitle C landfill 

Offsite recycle 

Petroleum Refining Listing Determination 
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Basis for Consideration in Risk Assessment 

Not modeled, see discussion on previous page 

Modeled 

Modeled 

Not modeled, already managed as hazardous -
no incremental risk to control 

Not modeled, exempt management practice 
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Table 3.3.11. Management Practices Targeted for Risk Assessment 

Parameters #of #of # RC w/ Total lOth% 50th% 90th% 
Fac. RCs Unreported Volume Volume Volume Volume 

Volume (MT) (MT) (MT) (MT) 

Onsite and Offsite s 6 0 3,048 - 37.25 2,250 
Subtitle D Landfills" 

All Management - 71 0 !8,436 - 8~ 500 
Practices Except 

Onsite Landfill Characteristics Subtitle C Landfills1J 

Surf~uN Area (acres) 4.8 7.7 30 

Remaining Capacity (cu. yd.) 6,970 70,500 838,000 

~t'(!.ent Remaining Capacity 2 3.5 80 

Total Capacity (cu. yd.) 82,300 85,500 840,000 

Number of Strata in Completed Unit 0 8 16 

Depth Below Grade (ft) 3 18 so 
Height Above Grade (ft) 0 1.5 12 

# of Landfills: 4 

Aquifer Information 

Depth to Aquifer (ft) 14 34.5 97 

Distance to Private Well (ft) 3,500 7,585 26,400 

Population Using Private Well I I I 

Distance to Public Well (ft) 26,400 42,200 58,000 

Population Using Public Well 1,500 1,500 1,500 

# of Aquifers: 4 

Source: flllllill fl:il!!!!! 
Unreported 3 I 
Uppermost 0 I 
Lowennost 1 1 
Combination 0 I 

Classification of Uppermost Aquifer: 
CuJ"tCnt or potential aouro. of drinking water (0) 
Not oonsidorod a potential source of drinking water (4) 

1 Tho number of onsite landfills characterized in Table 3.3.11 is greater than indicated in Table 3.3.9, which focuses only 
on volumes generated in 1992. Table 3.3.11 incorporates dsta from aU onsite landfills rocciving catalyst in any year 
reported in tho §3007 survey. 
' Tho mean and\or 90th percentile wore determined by using a management unit loading method (i.e., more than one waste 
t.tream m•y be di~;posed of in on~ management unit c.ausins the 90th perc.entile numbe.r to aetually be the sum of 2 or 3 
waste volumes). 
' Models used the same input volumes for hoth on· and offsite Subtitle D landfill scenarios. 
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3.3.3.3 Characterization 

Two sources of residual characterization were developed during the industry study: 

• Table 3.3.12 summarizes the physical properties of the spent catalyst as report
ed in Section VII. A of the §3007 survey. 

• Three record samples of spent hydrorefining catalyst were collected and 
analyzed by EPA. These spent catalysts represent the various types of applica
tions and active metals used by the industry and are summarized in Table 
3.3.13. 

These samples are representative of two important feeds to hydrorefming units, heavy 
gas oil and diesel fuel. As discussed earlier, almost all hydrorefining reactors use Ni/Mo 
and/or cobalt/molybdenum, with slightly more using nickel/molybdenum. Both catalyst types 
are represented by the sampling. 

All three samples were analyzed for total and TCLP levels of volatiles, semivolatiles, 
and metals. One of the samples was found to exhibit the toxicity characteristic for benzene 
(i.e., the level of benzene in this sample's TCLP extract exceeded the corresponding 
regulatory level). Two samples were found to exhibit the toxicity characteristic for arsenic. 
The high aluminum, molybdenum, nickel, and cobalt concentrations can be attributed to the 
catalyst make up: nickel\molybdenum or cobalt\molybdenum on alumina. A summary of the 
results is presented in Table 3.3.14. Only constituents detected in at least one sample are 
shown in this table. 

At one refmery, the spent hydrorefining catalyst was collected by refinery personnel 
on supplied air because of high airborne arsenic concentration levels. 

3.3.3.4 Source Reduction 

All source reduction efforts and limitations tabulated for hydrotreating catalyst 
(Section 3.3.2.4) are applicable for hydrorefining catalyst. 
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Table 3.3.12. Hydroreiming Catalyst Physical Properties 

# of # of lOth% Mcnn 90th% 
Properties Values Unreported 

Values 

pH 53 71 4.9 6.7 9.2 

Reactive CN, ppm 34 90 0 4.7 10 ... 

Reactive S, ppm 52 72 0.25 892 100 

Flash Point, C 46 78 48.9 87 110 

Oil and Grease, vol% 31 93 0 22 12.5 

Total Organic Carbon, vo1% 23 101 0 7.0 21 

Specific Gravity 46 78 0.7 1.45 2.5 

BTU Content, BTU/lb 13 111 0 1,684 4,700 

Aqueous Liquid, % 54 70 0 3.6 17 

Organic Liquid, % 50 74 0 1.0 3.75 

Solid, % 92 32 83 97 100 

Particle > 60 mm, % 28 96 0 4 0 

Particle 1·60 mm, % 47 77 50 89 100 

Particle 100 pm-1 mm, %. 36 88 0 6.7 25 

Particle 10-100 pm, % 29 95 0 4.6 7.5 

Particle < 10 I'm, % . 26 98 0 0.3 0 

· cle diameter, microns 19 104 0 1,344 3,175 

Table 3.3.13. Hydroreiming Catalyst Reeord Sampling Locations 

Sample number Facility 

RS-TC-01 Marathon, Garyville, LA 

R7B-TC-01 BP, Belle Chasse, LA 

R21-RC-01 Chevron, Port Arthur, TX 
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Description: Type of Feed, Catalyst 

Heavy gas oil, Co/Mo catalyst 

Diesel, Ni/Mo catalyst 

Diesel, Co/Mo catalyst 
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3.3.4 Catalyst from Sulfur Complex and H2S Removal Facilities (Tall Gas Treating 
Catalyst) - Residual 8 

3.3.4.1 Description 

SCO'f®-like tail gas treating catalyst is generated in a manner similar to hydrotreating 
catalyst. The unit's purpose is to convert SU1 to H1S. Units generating SCOTB'-like tail gas 
treating catalyst include the following: 

• SCOTB'-like units 
• Beavon reactors (as part of a Stretford system or as part of an amine system) 

A process flow diagram of the tail gas unit, which includes the hydroprocessing 
reactor, is included with the discussion of sulfur catalyst in Section 3.9. Unlike 
hydrotreating and hydrorefming catalysts, catalysts in SCO'f®-like units are not exposed to 
metals in the feed. Therefore, the poisoning mechanisms for tail gas catalyst are limited to 
carbon deposition. 

When catalyst activity is unacceptable, the 
reactor is taken out of service and undergoes one or 
more of the following steps to reduce the 
hydrocarbon content of the reactor: 

• 
• 

• 

Nitrogen sweep (to remove naphtha) 
Hydrogen sweep (to bum residual 
hydrocarbon) 
Oxidation (to bum residual 
hydrocarbon) -

The vast majority of refmeries uses 
cobalt/molybdenum on alumina catalyst. Based on 

" ' ' ' 

N*oger( sw~p .. 
Hydrogen sweep 
Oxidation 
No preplii'dtir.)l:l 
othet:/ullknQ\lVn 

29 faCilities' 
9 facilities 

22 facilities 
6Tat.;ilities· 
6 facilities 

source: q4 .facilili,~ •· ~ttiJ'Ig.rn 
sitlr tteatment irlfonnation •· fiom 
R9~ §3Q0'7~~?Ji#ali'¢ .. i.·· 

a total of 69 SC()'I'QI-like tail gas treating reactors reporting spent catalyst generation in the 
questionnaire, 93 percent reported using Co/Mo catalyst. An additional 6 percent reported 
using miscellaneous or unknown catalyst. This catalyst use proflle is vastly different than 
other hydroprocessing applications where the usage of Ni/Mo and Co/Mo catalysts is roughly 
equal in the industry. Nickel catalyst is reported to be favored when denitrification reactions 
are desired (McKetta, 1992). Cobalt catalyst is likely to be used because only sulfur 
conversion is required for tail gas treating. 

Approximately 83 MT of SCOT"-like catalyst generated in 1992 were identified as 
displaying hazardous characteristics. This is approximately 23 percent of the total quantity 
managed. 
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3.3.4.2 Generation and Management 

The spent catalyst is vacuumed or 
grc.vity-dumped from the reactors. Ba.st:d on 
information from site visits, most refineries 
place the material directly into closed 
containers such as 55-gallon drums or 
flobins. The RCRA §3007 questionnaire 
data support these observations. 

1992 Identification of SCO'I'*-Jike. Catalyst 

DOOI (Ignitable) 
0003 (Reactive) 

66MT 
16MT 

Total identified as hazardous: 83 MT 

Twenty-one facilities reported generating a total quantity of 361 MT of this residual in 
1992, according to the 1992 RCRA §3007 Questionnaire. Residuals were assigned to be 
"spent SCOTB'-like catalyst" if they were assigned a residual identification code of "spent 
solid catalyst" or "solid catalyst fines" and were generated from a process identified as a 
SCOTB' unit. These correspond to residual codes 03-A and 03-B, respectively, in Section 
Vll.2 of the questionnaire and process code 15-D in Section IV-l.C of the questionnaire. 
Catalyst from other tail gas units, including Beavon-Stretford units, were not included in the 
statistics although the quantities of catalysts from the Beavon-Stretford units are similar to the 
quantities of catalyst generated from SCOTB'-like units. Quality assurance was conducted by 
ensuring that all tail gas unit catalysts previously identified in the questionnaire (i.e., in 
Section V .B) were assigned in Section VIL2. Based on the results of the questionnaire, 
approximately 65 facilities have SO:z conversion reactors as part of their tail gas system (as 
the "front end" to their SCoTII', Stretford, or Selectox system) and thus likely generate spent 
tail gas hydroprocessing catalyst. Due to the infrequent generation of this residual, not all of 
these facilities generated spent catalyst in 1992. However, 1992 is expected to be a typical 
year in regard to catalyst change-out volume and management. 

Table 3:3.15 provides a description of the quantity generated, number of streams 
reported, number of unreported volumes, and average and 90th percentile volumes. 

Table 3.3.15. Generation Statistics for Spent SCO'P-like Catalyst, 1992 

Final Management 

Transfer metal catalyst for reclamation 
or n:geueration 

Disposal offsite in Subtitle C landfill 

Disposal In ol'fslte Subtitle D landfill 

Disposal in onsite Subtitle D landfill 

TOTAL 
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#of 
Streams 

12 

s 
4 

I 

22 

#of Streams 
with 

unreported 
volume 

I 

0 

0 

0 

1 

97 

Total Average !lOth 
Volume Volume Percentile 

(MT) (MT) Volume 
(MT) 

188 16 35 
(estimate) 

103 21 63 

'0 12 19 

10 10 10 

361 16 ~I 
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Plausible management scenarios were chosen by EPA on which to perform U1e risk 
assessment model. The scenarios were chosen based on the existing and possible "high 
potential exposure" disposal practices currently used. Given the Agency's past experience 
wiili risk assessment modeling, U1e management pra.~.:ti~.:es summarized in Table 3.3.15 were 
reviewed to identify those practices likely to pose the greatest threats to human health and the 
environment. The selected management practice is: 

• Offsite SubtitleD landfllling (used for 14 percent of the total residual volume) 

The input quantities for modeling releases using these scenarios were greater than 
those actually disposed in 1992. Instead, the management quantity is assumed to be the total 
quantity generated (minus that managed in Subtitle C units already). This is because other 
management methods, in particular reclamation, could change to landfilling in the future due 
to economic factors, convenience, or other factors. See Section 3.3.2.2 for additional 
details. 

The management method accounting for the majority of the residual, transfer for 
offsite metals reclamation/regeneration, was not selected for modeling risks. A small 
number of catalyst reclaimers, such as CRI-MET in Louisiana and Gulf Metallurgical in 
Texas, reclaim spent catalyst for its vanadium, nickel, and molybdenum metal values. Both 
of these reclamation facilities routinely manage both characteristically hazardous and 
nonhazardous spent catalysts. One of these facilities segregates the hazardous and 
nonhazardous feedstocks, but following storage, both the hazardous and nonhazardous feeds 
are subjected to the same process. Therefore, risks from processing are equal for both 
characteristic and nonhazardous wastes. 

A more detailed study of the catalyst recycling industry would be a significant 
endeavor, and was determined to be outside the scope of this listing determination. Based on 
the site visits described above, EPA believes that the practice of spent catalyst reclamation is 
valuable because it is consistent with the intent of RCRA and because, based on EPA's 
preliminary review of this industry, the spent catalysts appear to be managed and processed 
in a way that controls risks. 

As with hydrotreating and hydrorefining catalysts, the Agency believed that it was 
unnecessary to model short-term interim storage used prior to final management. See the 
discussion for hydrotreating catalysts for details. 

A summary of EPA's reasoning in selecting pathways for quantitative risk assessment 
modeling is presented in Table 3.3.16. 

The characterization data for the management units and their underlying aquifers were 
collected in the §3007 survey. Table 3.3.17 provides a summary of the data for the targeted 
management practices used in the risk assessments for this residual. This table is developed 
using the RCRA §3007 survey of facilities reporting onsite land filling of SCOT&-like catalyst 
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in any reported year. The survey specified that if the residual was not generated in 1992, to 
provide the information for the last year the residual was generated. 

Table 3.3.16. Selection of Risk Assessment Modeling Scenario: 
Spent SCO'flll'-like Catalyst 

Fmal Management Basis for Consideration in Risk Assessment 

Transfer metal catalyst for reclamation See discussion on previous page. Not 
or regeneration modeled. Minimal volumes. 

Disposal offsite in Subtitle C landfill Not modeled, already managed as hazardous -
no incremental risk to control 

Disposal in offsite Subtitle D landfill Modeled 

Disposal in onsite Subtitle D landfill Modeled 

Onsite storage1 Not modeled, not final management practice 

1 Onsite storage indicates that the facility did not provide final management information. 

3.3.4.3 Characterization 

Two sources of residual characterization were developed during the industry study: 

• 

• 

Table 3.3.18 summarizes the physical properties of the spent catalyst as 
reported in Section VIT.A of the §3007 survey. 

Three record samples of spent SCO'f"D-like tail gas treating catalyst were 
collected and analyzed by EPA. These samples represent the spent catalyst 
generated throughout the industry and are summarized in Table 3.3.19. 

Section 3.3.3.1 showed that there is essentially no process variation in the 
hydrotreating of tail gas. Essentially all catalyst is Co/Mo, and all treat sulfur recovery unit 
tall gas. Variations downstream of the unit, such as the type of treating solution used to 
remove. H2S, do not affect the spent catalyst generated in the hydroprocessing of this gas. 
Therefore, the sample set is expected to be representative of all tail gas catalyst generated. 

All three samples were analyzed for total and TCLP levels of volatiles, semivolatiles, 
and metals. The high aluminum, molybdenum, and cobalt concentrations can be attributed to 
the catalyst make up: cobalt\molybdenum on alumina. A summary of the results is presented 
in Table 3.3.20. Only constituents detected in at least one sample are shown in this table. 
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Table 3.3.17. Management Practices Targeted for Risk Assessment 

Parameters #of #of # RC w/ Total lOth% 50th% 90th% 
Fac. Res Unreported Volume Volume Volume Volume 

Volume (MT) (MT) (MT) (MT) 

Onsite and Offsite 4 5 0 60 - 12.7 26 
Subtitle D Landfllls"' 

All Management - 18 2 257 - 9.3 35 
Praeti"'" Ex"'ept 

Onsite Landflll Characteristics SubtitleC Landfills' 

Surface Area (acres) 3.65 17 30 

Remaining capacity (cu.yd.) 62,800 450,400 838,000 

Percent Remaining capacity 2 s 7 

Total capacity (cu. yd.) 81,100 460,550 840,000 

Number of Strala in Completed Unit 0 0.5 I 

Dopth llelow Grade (ft) 3 21 '0 
Height Above Grade (ft) 0 4.5 9 

II of Landfi.llo, 2 

Aquifer Information 

Depth to Aquifer (ft) 18 2R5 10 

Distance to Private Well (ft) 8,970 8,970 8,970 

Population Using Private Well No data No data No data 

DistancelO Public Well (ft) 58,000 58,000 58,000 

Population Using Public Well 1,500 1,500 1,500 

# of Aquifers: 2 

Source: fl!hli& ~ 
Unrepolted I I 
Uppermost 0 1 
Lowermost 1 0 

Classificalion of Uppermost Aquifer: 
Not considered a potential source of drinking water (2) 

1 'Tho nu.mbor of onsito J.an.dft.l..W eM~ in Table 3.3.17 i,., &reo.tor than indicated in To.blc 3.3.15, which foc\.t&ca only 
on volumes generated in 1992. Table :3.3.17 incorporates data from all onsite landrills receiviz'lg spent catalyst in any year 
roported in the §3007 survey. 
' Models used the same input volumes for both on- and offsite SubtitleD landfill scensrios. 
' The mean and 90th percentile were determined by using a management umt loading method (i.e., mon:: tba.n one waste 
stream from one refinery may be disposed of in one management unit causing the 90th percentile number actually 10 be the 
sum of 2 or 3 waste volumes). 
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Table 3.3.18. SCO'f'lll-like Catalyst Physical Properties 

H of H of lOth% Mean 90th% 
Properties Values Unreported 

Values 

pH 17 51 3.8 4.5 5.7 

Reactive CN, ppm 13 55 0 24 20 

Reactive S, ppm 21 47 1.0 38 112 

Flash Point, C 12 56 60 84 100 

Oil and Grease, vol% 9 56 0 0.3 1.0 

Total Organic Carbon, vol% 10 57 0 0.6 2.5 

Specific Gravity 18 50 0.7 1.75 2.56 

BTU Content, BTU/lb 5 63 0 1,200 3,000 

Aqueous Uquid, % 36 32 0 2.9 1.0 

Organic Liquid, % 36 32 0 0.4 1.0 

Solid, % 49 19 97.5 97 100 

Particle > 60 mm, % 20 48 0 15 100 

Particle 1-60 mm, % 27 41 0 85 100 

Particle 100 l'm-1 mm, % · 22 46 0 5.0 1.0 

Particle 10-100 "m, % 18 50 0 0 0 

Particle < 10 "m, % 18 50 0.5 0 0 

Mean Particle diameter, 7 59 0 2500 7,000 
microns 

Table 3.3.19. SCO'I"-like Catalyst Record Samplinl Locations 

Sample number Facility 

RS-SC-02 Marathon, Garyville, LA 

R7B-SC-01 BP, Belle Chasse, LA 

Rll-SC-01 ARCO, Ferndale, WA 
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Co/Mo catalyst 

Co/Mo catalyst 

Co/Mo catalyst 
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3.3.4.4 Source Reduction 

All source reduction effons and limitations tabulated for hydrotreating catalyst 
(Section 3.3.2.4) are applicable for tail gas hydroprocessing catalyst. 

In addition, some tail gas treating processes, such as the Stretford process, do not use 
solid catalyst and do not generate this residual. In the Stretford process, the catalyst is in a 
liquid state and is continuously reused. Stretford systems have limited use as tail gas units. 
Note that although the solid catalyst stream is eliminated in the Stretford process, the 
possibility of the liquid catalyst being present in other waste or residual streams was not 
investigated. 

None of the samples exhibited any hazardous waste characteristics (i.e., no 
constituents in the samples' TCLP extracts exceeded the corresponding regulatory level, and 
no other characteristics of ignitability, corrosivity, or reactivity were found). 
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Trichlor-
Toluono 
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m,p-Xyten.s 
4-IMeth~-2-pentMOM 

lblhy1 olhy1-
Molhy1one chlorlclo 

Mtlhy1ono -ldo 

81o(2-olhy1hoxy1lph
DI-n-buly1 pldhoJoh 

Bla (2-olly1hay1)phlhololo 
01-n-bulyl pldhoJoh ,,_ 

Aluminum 
Mlmony 
Alsonlc 
ky1iluM 
Cadmium 
Ckomlum 
Cobol! 
CCIPI* 
kcn 
ManganeM 
MoJ,W.num 
Nickel 
s ......... 
Scdklm 
V-..dium 

P•Toteum Lli:UngAr '·•I o.ta Summ.ry 

Table 3.3.20. Residual Characterization Data for Spent SCO...-·lile Catalyst 

iO% Coliidence 
VoW11e Organics - Method 8280Apg/kg lnt•'tal 

CAS No. R5-SC-tl2 A78-SC-01 R11-SC-01 Av•age Cone: Maxlmun Cone StdOev Uppet limit Comm«~t.s 

71432 < • < ••• eo .. •• •• 117[ 1,2 
10-4518 < 5 J 700 < 25 2<3 700 ••• .,. 
71154 211< 525 < 25 27 21 3 "I 1,' 

10illll3 < • < 525 J 24 15 . •• 13 14 1. 2 ..... < 5 7,500 < 25 2,510 7,500 "·321 7.2l8 
108078 < • 3,300 J 40 1,117 3,300 1,881 3,178 

85478 < • J 1,MO J 24 •eo 1 ;04-0 502 t,o:n 
108313/1 < • uoo ... oee 2,500 1,424 2,4[)7 

108101 < • < 025 ... 128 250 173 .,., 1, ~ 
78033 < 5 < 825 - 233 ... 322 033 1, 2 
75002 < • < ... eo 33 .. .. 117 1, 2 

10% Corfiden~ 
TCLPVololitoClrgonlco--· 1311 0Bdi280Apg.l lnt.-vaJ 

CAS No. R5-SC-Q2 R7B-SC-01 R11-SC-01 -~•-a• Cone Maximum Cone sedo.v Upper limit Comm«~lli 

750021 < aol < sal B 1.eooj o<1j 1.aooj ... , ... .,, 
ft% Corlidene• 

--ClrQMica - -d 127C8p-"g Interval 
CAS No. RS-SC-02 R78-SC-01 R11-SC-01 ~ .. Cone Muimurt' Cone St.dDev U~rltmit Comm.nta 

117117! < '"I J .. 1 J ... 1 ... 1 ... 1 1071 3011 2 
84742 J 10 J 120 J 120 110 120 17 120 2 

M% Coriictence 
TCLP SomNolalllo Orgonka - M-da 1311 ond 1270811111\. ........ 

C~~~ RO-sc:;:l < R7B-SC-:

1 

.. R11-SC-:~-- Co~~Maxlmum "::

1 

StdOev UPf*'llmlt Comment• 

2811 ·~, 84742 < &o < 150 J 31 31 31 NA 
110ie1 < 1(10 240 < 100 147 240 81 235 

8(;% Cor~ht•nc• 

TotoiMololo- Mo1hoda 1010,7080.7421,7470. 7471,ond 7841 m-"g ,....., .. 
CAS No. RI-SC:-<11! A7B-SC-01 R11-SC-01 kM•g• Cone Maximum Cone StdO•v Upper Limit Commtnla 
74211001 200.000 -- 11Q,OOO 223,333.3 300,000.0 128,022.8 301 ... 071 • 
7440310 148 20.0 < a.o 13.3 20.0 7.0 210 2 
7440302 < 100 < 20.11 21.0 18.3 28.0 0.0 212 2 
744M17 < u u < 0.5 a u 1.4 2B 
7440430 u u 5.7 7.2 0.4 ... u 
7.t40473 •• 13.0 4.8 u 13.0 4.4 12.8 
7440414 13,000.0 18,000.0 11.000.0 14,333.3 lt.OOO.O 4,183.3 18,8M.7 

7440501 200 33.0 14.11 25.3 33.0 10.0 30.2[ 2 
74318H 1,700.0 3,500.0 ~30.11 1,810JJ 3,500.0 1,4537.8 3,!!83.3i 2 
7430H5 32 54.0 < 1.5 uu 54.0 20.8 521 
7431817 48,000.0 54,000.0 25,000.0 42,333.) 5-4,000.0 15,308.0 5i',D01.P 2 

7440020 120.0 73.0 18.0 70.1 120.0 51.1 12!U 2 
7782482 22 < 2.5 < 0.5 H 2.2 1.2 40 1, 2 
7440235 1,300.0 < !OCI.O 2,!ioo.o 1,433.1 2,500.0 1,008.0 2,52U.~ 2 

7440822 280.0 !10.0 72.0 184l1 280.0 $7.4 280.7 2 

l > 4.>0-S•p--~ 



Ah.mtlnum 
Cadmium 
Chtomlum 
Cobtill 
Iron 
MangarwM 
Mo¥>donum 
Nickol 
Vanadium 

PeltoNum LkllnJ Analytlcat 0.. SummtHY 

SCOT CA. TAL YST froM SlA.FUR COMPLEX 

8C% Corlldenc• 
- Mtthods 1311,6010.7080,7421,7470,7471, and 7&41 mgJL Int.. val 

CAS No. R5-SC-02 R78-SC-01 Rtt -SC-01 .W.ao- Cone Maximum Cone SldO.V UpperUmi 
742R005 11.00 32.00 22.00 23.e7 32.00 7.84 31.~8 

7440431 < 0.03 0.20 < 0.03 0.08 0.20 0.10 0.18 
7440473 < 0.05 0.13 < 0.05 0.08 0.13 .... 0.13 
7440484 ee.oo 4so.oo 220.00 24&.&1 400.00 1H.5e 4e4.f.7 
7438888 8.30 < o.so < 0.50 2.43 ... 3.3! . ... 
74388e5 0.34 O.fl < 0.08 0.47 o.au 0.47 O.i& 

7438887 38.00 410.00 430.00 3Ut.33 480.00 241.48 578.27 
7440020 0.61 0.54 < 0.20 0.44 0!8 0.21 0.87 
7440022 < o.2s t.eo 1.40 1.11 .... 0.85 2.10 

Comments: 
1 
2 

o.teclcNI Hmilll gruttr than the hlghnt citt.ct.dconcenhtion •• excluded from Hie calc~t.Hona. 
Upper Limit •xc..C.. h mulmura concentrtllbn. 

Not•: 
8 Analvt- tfso det.ct.d In the usoc::Md«f methoct blank. 

Comm~nt• 

2 
2 

J Compound'• concd.UOn ia •atiiTii!Md. Man ..,.eta! dtlla indicate tt.. Pf•••nc. of a compourd the meell IM idenlfic•tion 
ctkla far wNch tn.rnulla tnalhan the ilbaatory chtec:Uon Umit. but. greet• than z•o. 

NO Not o--11. 
NA Nol ....... lc-. 

P•~2 :2() .. S1fP··\I!! 



3.4 REFORMING 

3.4.1 Process Description 

Catalytic reforming is used to upgrade (increase the octane of) naphtha for use as 
motor gasoline. Two types of reactions occur during the reforming step: ( 1) 
dehydrogenation of cycloparaffins to form aromatics, and (2) cyclization and dehydrogenation 
of straight chain aliphatics to form aromatics. In a reforming unit, several (typically 3 to 5) 
reactor vessels are placed in series interspersed with heaters. Catalyst is present in the 
reactor vessels and always contains platinum and in most cases, according to Oil and Gas 
Journal, is bimetallic (e.g., platinum/rhenium). Because the reaction is endothermic, heaters 
are required to maintain reaction conditions of approximately 150 psi and 500 to 1,000 •F 
(McKetta, 1992). Fractionators are used to separate the product reformate from light ends 
such as hydrogen, a reaction byproduct. 

An important feed preparation step, hydrotreating, is not shown on the diagram. 
Sulfur is a reformer catalyst poison and for this reason the feed is desulfurized prior to 
entering the reformer beds; this catalyst is not considered reforming catalyst but is instead 
hydrodesulfurization (i.e., hydrotreating, see Section 3.3.1) catalyst. 

Reforming unit operations are of three types: (1) semiregenerative, (2) cyclic, and (3) 
continuous, the principal difference being the period of time between catalyst regeneration. 
A semiregenerative unit consists of a series of reactors containing a fixed bed of catalyst. 
The unit typically operates for approximately 12 to 18 months before the unit is taken off
line for regeneration, when all reactors are regenerated at once and no product is generated. 
A cyclic unit also consists of a series of fixed bed reactors; one reactor is off-line at any one 
time for regeneration. In this way, the unit is always generating product from the three or 
four operating reactors. In a continuous unit, the catalyst continuously moves through the 
reactors at a slow rate, with regeneration in a (closed loop) parallel unit. According to 
RCRA §3007 data, 135 facilities have reformers. Sixty percent of the facilities have 
semiregenerative units, 25 percent have cyclic units, and 30 percent have continuous units. 
The summed percentages exceed 100 percent because some facilities have multiple units. 

For all three cases, regeneration typically consists of (1) nitrogen purge, (2) oxygen 
burn, (3) addition of a chlorine source (such as a chlorinated hydrocarbon, hydrogen 
chloride, or elemental chlorine), and (4) nitrogen purge. The first nitrogen purge is used to 
remove free hydrocarbons from the reactor. The second step, addition of oxygen, bums off 
the built-up coke from the catalyst pellets. The third step, chlorination, is done to redistrib
ute the platinum chloride on the alumina substrate to reactivate the catalyst following the 
oxygen burn. Some facilities may add a sulfur-containing compound after chlorination to 
passivate the catalyst somewhat. The final nitrogen purge is performed to prepare the 
catalyst bed for service. Figure 3.4.1 presents simplified diagrams of a semiregenerative and 
continuous process. The cyclic process closely resembles the semiregenerative process 
shown in this figure. 
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Figure 3.4.1. Process F1ow Diagram for Catalytic Reforming 
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3.4.Z Reforming Catalyst- Residual 9 

3.4.2.1 Description 

Regeneration of a fixed catalyst bed can be performed only a limited number of times 
before the catalyst loses its activity. Complete removal of the catalyst and replacement with 
fresh catalyst occurs infrequently, such as every :; to 10 years. To prepare the catalyst prior 
to dumping, the reactor may undergo one of the following steps to reduce the hydrocarbon 
content of the reactor: 

• 
• 

• 

• 

Nitrogen sweep (to remove naphtha) 
Hydrogen sweep (to burn residual 
hydrocarbon) 
Oxidation (to burn residual 
hydrocarbon) 
Stearn stripping (to remove 
volatiles) 

Following removal, the catalyst may be shipped 
offsite in closed containers as spent catalyst. 
Alternatively, some facilities screen and replace 
the catalyst. This technique removes small 
particles of coke and catalyst. According to the 
RCRA §3007 questionnaire data, 5 facilities report 

Catalyst Pretreatment Steps 

Nitrogen sweep 
Hydrogen sweep 
Oxidation 
No preparation 
Steam stripping/ 
otherlul!-k#ovm 

73 facilities 
· 64 facilities 
61 facilities 
12 fac;ilities 
8 facilities. 

.Source: '·1{)9;····~ti~~\••rep(lt#n.ii•• in.· 
• sitU•·· treatment: ·.inforinatioit·•· from···• 
.. Rc@ §3oq]fjjl~~~f~[\ i> 

this practice. Based on site visit information, this practice occurs more frequently than 
complete change-out (e.g., every 1 to 4 years). The purpose of screening is to prolong 
catalyst life and improve unit operation. 

In the operation of the continuous catalytic 
reformer, catalyst fines are generated continuously and 
are typically removed prior to the regeneration step. 
Fines are generated from the movement of catalyst in 
the system. Following the reaction step, the catalyst 
must be blown to the top of the regenerator. Fines are 
collected because they are undesirable to the process. 

In summary, residual reforming catalyst is 
generated primarily from three operations, in 
increasing order of generation frequency: (1) 
complete changeout of the catalyst (applicable for all 
three units); (2) periodic "dump and screen" 

< 1'99~ iaenttrieati6.i · 9r 
> ~t\{OJ,"W1n*·~*til~~·.• ( 
.··••·I)ol&i~¢·'~~)·····4l~···.:t.t:t······ 
Q(IQ3 @~Ve}. ·.·• ·· tp;~ M:r 
noor a 'tltl:iie).·.. •.... 143 :MT·' 

•· $Ill, ...•• ····.···•, >··· · · 0004 ere Al'sellicl . · lli !.(1' · 

+~~i~~~~ ~ h~~~; •. 
.. 4$? ~ )(~m~) StreamS. t':al'1')' 
irilil!ipl~ ¢®~).! •. ···· 

. : :. ···-.,.:: ---·- -·:-·:. 

(applicable for only the cyclic and semiregenerative units); and (3) continual generation of 
fines (applicable only for the continuous unit). 
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Approximately 459 MT of rc:fonning catalyst generated in 1992 were identified as 
displaying hazardous characteristics. This is approximately 13 percent of the total volume 
managed. 

3.4.2.2 Generation and Management 

Based on the RCRA §3007 questionnaire and observations from 6 sampling events, 
catalyst is predominantly collected and stored in closed containers such as drums or flobins. 
This practice is conducted to minimize losses of this highly valuable residual. 

Fifty-eight facilities reported generating a total quantity of 3,613 MT of this residual 
in 1992, according to the 1992 RCRA §3007 Questionnaire. Residuals were assigned to be 
"spent reforming catalyst" if they were assigned a residual identification code of "spent solid 
catalyst" or "solid catalyst fmes• and were generated from a process identified as a 
reforming unit. These correspond to residual codes 03-A and 03-B. respectively. in Section 
VII.2 of the questionnaire and process code 08 in Section IV-l.C of the questionnaire. 
Quality assurance was conducted by ensuring that all reforming catalysts previously identified 
in the questionnaire (i.e., in Section V.B) were assigned in Section VII.2. Based on the 
results of the questionnaire, 135 facilities use reforming units and thus likely generate spent 
reforming catalyst. Due to the infrequent generation of this residual, not all of these 
facilities generated spent catalyst in 1992. However, 1992 is expected to be a typical year in 
regard to catalyst change-out volume and management. Table 3.4.1 provides a description of 
the quantity generated, number of streams reported, number of unreported volumes, and 
average and 90th percentile volumes. 

No plausible management scenario was selected by EPA to perform a risk assessment 
model. The predominant management method, offsite reclamation, was not modeled because 
of the absence of significant exposure pathways from the reclamation process. A more 
detailed study of the precious metals reclamation industry would be a significant endeavor, 
and was determined to be outside the scope of this listing determination. The predominant 
storage method, closed container, was not modeled because no releases or exposures are 
expected from a closed container. 

No other management practice was assumed to be reasonable for this material. Based 
on facility estimates, the platinum value in the spent catalyst is roughly $25,000 to $50,000 
per metric ton. In short, the residual is too valuable to be disposed or mishandled. In 
regard to other residuals generated during turnaround operation, such as support balls and 
fines that are not necessarily sent offsite for reclamation, these residuals are much smaller in 
volume (e.g., de minimis volumes) than their "parent" residuals and thus were not evaluated 
further. 
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Table 3.4.1. ~neration Statistics for Spent Reforming Catalyst, 1992 

Final MIUlllllement #of #of with Total Avwage 90th% 
Streams unreported Volume Volume Volume 

volume (MT) (MT) (MT) 

Transfer metal catalyst for reclamation 91 6 3,27~ 36 92 
or regeneration (estimate) 

Offsite cement plant' 1 0 180 180 180 

Onsite recycle' 7 1 90 13 64.3 

Disposal in onsite wastewater treatment 1 0 45 45 45 
plant' 

reuse 1 0 20 20 20 

Onsite storage' 1 0 1.4 1.4 t.4 II 
_, . I I 0 o.s 0.5 0.5 

Disposal offsite in Subtitle D landfill' 1· 0 0.2 0.2 0.2 

other 0 4 0 0 0 ~ 

TOTAL 104 11 3,613 35 ~ 
1 These management methods reflect residuals derived from refonnin11 catalyst: one facility 11enerates crushed 
support balls from screening operations for disposal in an onsite landfill; one facility generates support balls 
from screening operations for offsite reuse at a cement plant; one facility generates wastewater from 
regeneration which is discharged to their wastewater treatment process. 
• Onsite recycle includes reuse in same or similar unit, reuse as catalyst support, and onsite regeneration. 
3 Final, ultimate management wai not provided for this residual following storage. 
' This management method reflects a catalyst residual generated from a screening operation. These fines, 
containing platinum oatalyst, coke, and support material, were dispooed in 1111 offsite landfill because the 
platinum value is too low for economic recovery. 
5 Other interim management practices were included, with no effect on total volume, 90th percentile, or mean 
volume. 

3.4.2.3 Characterization 

Two sources of residual characterization were developed during the industry study: 

• Table 3.4.2 summarizes the physical properties of the reforming catalyst as 
reported in Section VII.A of the §3007 survey. 

• Six record samples of actual reforming catalyst were collected and analyzed by 
EPA. These spent catalysts represent the various types of generating processes 
used by the industry and are summarized in Table 3.4.3. 
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Table 3.4.2. Spent Refonning Catalyst Physical Properties 

# of # of lOth% Mean 90th% 
Properties RC Unreported 

Values 

pH 62 220 3.7 5.3 8 

Reactive CN, ppm 36 246 0.1 9.6 10 

Reactive S, ppm 46 236 0.5 75 500 

Flash Point, C 48 234 0 83 200 

Oil and Grease, vol% 47 235 0 1.0 1.0 

Total Organic Carbon, vol% 41 241 0 1.4 5.5 

Specific Gravity 57 225 0.51 2.6 2.6 

BTU Cunlt:nt, BTU/lb 17 265 0 88 500 

Aqueous Liquid, % 108 174 0 2.4 0 

Organic Liquid, % 109 173 0 1.3 0.1 

Solid, % 196 86 100 98 100 

Particle > 60 mm, % 37 245 0 19 100 

Particle 1-60 mm, % 88 194 50 87 100 

Particle 100 J.Lm-1 mm, %- 66 216 0 12.5 50 

Particle 10-100 ,urn. % 34 248 0 3.1 0 

Particle < 10 "'m, % 32 250 0 0.2 0 

Mean Particle diameter, 23 257 0 2,100 2,720 
microns 

Two samples of catalyst fmes were collected from continuous catalytic reforming 
units, while the remaining four samples were collected from the "dumping" of fixed bed 
reactors (two samples were catalyst collected from cyclic units, and two samples were 
catalyst collected from semi-regenerative units). As discussed in Section 3.4.1, these units 
represent all of the catalytic reforming units. Each of the three units is common in the 
industry. Both platinum and bimetallic catalyst were collected, representing the two principal 
types of catalysts in use. No samples of fines collected from screened catalyst were 
collected. However, this is a low-volume stream in comparison to the reactor samples 
collected. These fines also contain many of the same constituents (i.e., platinum catalyst) 
and are often managed in the same way (i.e., off site reclamation). 
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Table 3.4.3. Reforming Catalyst Record Sampling Locations 

Sample number Facility Description: Type of Generating Unit, 
Catalyst 

R2-CR-01 Shell, Wood River. IL Cyclic unit, platinum catalyst 

R5-CR-Ol Marathon, Garyville, LA Continuous unit, platinum catalyst fines 

R7B-CR-01 BP, Belle Chasse, LA Semi-regenerative unit, platinum/rhenium 
catalyst 

Rll-CR-01 ARCO, Ferndale, W A Semi-regenerative unit, platinum/rhenium 
catalyst 

Rl4-CR-Ol BP, Toledo, OH Cyclic unit, platinum catalyst 

Rl5-CR-01 Total, Ardmore, OK Continuous unit, platinum/tin catalyst fines 

All six samples were analyzed fur tulal ami TCLP level~ of volatiles, semivolatiles, 
and metals. All samples were also analyzed for total dioxin/furans. One of the six samples 
analyzed displayed the TC characteristic for benzene (i.e., benzene levels in the TCLP 
extract were found above 0.5 mg/L). No other hazardous characteristics were displayed in 
any other samples. High aluminum concentrations can be attributed to the catalyst make up 
of platinum on alumina. A maximum concentration of9.9 ng/kg (2,3,7,8-TCDD 
equivalence) was found in one sample. Dioxin is known to form in the reforming 
regeneration sequence, where chlorine is used as part of catalyst regeneration. 3 A summary 
of the results is presented in Table 3.4.4. Only constituents detected in at least one sample 
are shown in this table. · 

' EPA's Office of Water is investigating dioxin fonnation in refonners. For more infonnation refer to the documeot 
Petrouum Refining lndll.stry- Prtsenct of Dioxins and FuriVU in Wastowater Generated by Reforming Operations. Ron Kirby, 
US EPA Office of Water, Engineering and Analysis Division, Energy Branch. May 1994. 
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Table 3.4.4. Residual Charaderizatioa Data for Sput Reronning Catalyst 

VolaU!eOrgenic&- M.Chodt2eoApWkg 
CAS No. R2-~-01 

71412 < 2S 
1G4SUI < 25 

1358MI < 251 J 
10041" < 25 
sgu~ < 25 J 

..... < 25 

"''""I , ...... , ...,. .... ,. ... ,. 
108383/1txW23 ,...,1 < 

'"""' < .. .,. 

.. .. 
2,000 ... 

110 
220 "I, ,. < 

'.,GOO < 

RS-CR-01 
1.000 

57,000 
23,000 
51,000 
23,0001< 
27,000 .. .... 
23,000 

310.000 
81,000 

110,000 
170,000 ... 

0251< ... 

R?B-CR-01 
2,300 

220< 
110 < 

1.000 < 
25 < 
... < 
570 < 

11,000 
..... < ... , 
-5.100 < 
0,000 < 
... < 

25 ..., 
'TCLPVot.•Orgiink:s- Mt1hode 1311 at~d 6200A#W\. 

CAS No. R2-CR-01 R5-CA-01 R7S-CR-01 

FiH-CR-01 IU-4-CR-01 -251< 25< 
25 
25< 
25 ,. 

010 
25 
25 
25 
25 
25 

561< 
25< 

.,. 
22 
22 ... 
:1< 
IS< 

&,100 ... ... 
720 ..... .. 
221< 
22 

R15-CA-Ot 
20000 ..... ..... 
20,000 .,. 
5,700 ... 

37,000 
23,000 
20,000 ...... .. .... . .... ... ..... 

Averao- Corn Maximum Cono 

...... 1 28,000 
11,032' 57,()0(,} 
.4,26f 

13,261 

3,"5<1 

~· .. 
10,222 
13,26t 
~.70l 

10.72' 
27,403 
·~.124 

'"' 32 
2.08< 

23,000 
51,000 
23,000 
27.000 
00,000 
37,00() 

310,000 
~1.000 

110,000 
170,000 

3,200 
55 

'·""' 

fUt-CR-01 Rt<I-CR-01 R16-m-OI Av11uageC<m~ Ma.o.tmum Cone 
71.u2 < 60 3,000 J 66 

10CMI4 < 50 <110 J OU 
101&!3 < so 4.000 440 

J "!' sol NA ""I 3.000 J ifJ< 50 NA 14l 470 
200 300 NA 1,010 4,000 

U5e3l5 110 110 140 
toeore < so teo < sol J 
054M < 50 1,200 210 

10&3&3/10&4231 < ,...,. ' .. .,. so 
.. , < 

120 < 

..... 
.. 1' 60< 
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... 
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300< .. , 
... < 
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0308 
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so 
so 
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so 

NA 
NA 
NA 
NA 
NA 
NA 

,., 
" ..,. 
"" . .. 
•• 

010 , .. 
uoo 
1,500 

"" 120 

CAS No. R2-Cfl-01 R5-CA-01 R11!-at-01 Fllt-~-01 1:1:14-CR-01 R15-CR-01 Ave1a{l9 Coro MlllXImum Cme 
120121 < tos < MO < tesj < tosl < tesiJ 140 t4ol 140 
117817 < 105 J 840 < 11!15 
&5657 < 105 J 310 < 105 < 
611Q < 165 < 6aO < 1&5 J 
5e5S3 ~500 < eoo < 105 < 

NA 6,300 < 000 < 1&5 < 
1Dtm 6,500 < eeo < tes < 
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"""'I J ,...,. < 
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"""'I , ,.,. 
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... < 
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... < 
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... < 
... < 
... < 
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3.4.2.4 Source Reduction 

Like other catalysts, little can be done to reduce the volume of this residual. The 
catalyst will always, eventually, become inactive and require replacement. Efforts to 
decrease the frequency of generation or to decrease the toxicity of the generated residual 
appear to be the greatest opportunities for pollution prevention. 

One refinery reported in its RCRA §3007 questionnaire that its reforming catalysts are 
now nonhazardous due to a new sweep procedure, reducing the facility's requirement to ship 
them as hazardous waste. Benzene and other light hydrocarbons are common contaminants 
in reforming catalyst. Another facility decreases the frequency of turnarounds by optimizing 
the feed. The quantity of material sent offsite can be reduced by separating the support 
material for onsite reuse. Many facilities perform this separation step already, but other 
techniques such as screening or air cyclones could be used to increase efficiency. 
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3.5 SULFURIC ACID ALKYLATION 

3.5.1 Process Description 

In the sulfuric acid alkylation process, olefin and isobutane gases are contacted over 
concentrated sulfuric acid (H2S04) catalyst to synthesize alkylates for octane-boosting. The 
reaction products are separated by distillation and scrubbed with caustic. Alkylate product 
has a Research Octane Number in the range of 92 to 99. Figure 3.5.1 provides a generic 
process flow diagram for H2S04 alkylation. 

!so butane 

Figure 3.5.1. H2S04 Alkylation Process Flow Diagram 
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The olefin stream is mixed with the isobutane and H2S04 in the reactor. To prevent 
polymerization and to obtain a higher quality yield, temperatures for the H2S04 catalyzed 
reaction are kept between 40 and 50°F (McKetta, 1992). Since the reactions are carried out 
below atmospheric temperatures during most of the year, refrigeration is required. Pressures 
art: maintained so all reaction streams are in their liquid form. The streams are mixed well 
during their long residence time in the reactor to allow optimum reaction to occur. 

The hydrocarbon/acid mixture then moves to the acid separator, where it is allowed to 
settle and separate. The hydrocarbons are drawn off the top and sent to a caustic wash to 
neutralize any remaining trace acid. The acid is drawn from the bottom and recycled back to 
the reactor. A portion of the acid catalyst is continuously bled and replaced with fresh acid 
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to maintain the ro:actor's acid concentration around 90 
percent. This spent H2S04 is a residual of concern. 

In the fractionator, the hydrocarbon streams are 
separated into the alkylate and saturated gases. The 
isobutane is recycled back into the reactor as feed. 

Some facilities have neutralization tanks (in and 

In 1992, DOE reported a U.S. 
alkylate ca:pacityof 1,083,154 
BPSD ·from 103 refineries ( 49 
facilities used. H2S04 alkylation) 

above ground), referred to as pits, which neutralize spent caustic and any acid generated 
from spills prior to discharge to the WWTP, serving as surge tanks. Neutralizing agents 
(sodium, calcium, potassium hydroxides) are selected by the refineries. If necessary, the 
effluent to the pit is neutralized and, depending on the neutralizing; agent, the precipitated 
salts form a sludge. This sludge is a residual of concern. Sludge may also be generated in 
process line junction boxes, in the spent H2S04 holding tank, and during turnaround. 
However, due to the aqueous solubility of sodium, calcium, and potassium sulfates, slud2:e 
generation rates are relatively low and the majority of neutralization salts (e.g., sodium 
sulfate) are solubilized and discharged to the WWTP. 
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3.5.2 Spent SulfUric Acid - Residual 10 

3.5.2.1 Description 

A slip stream of spent sulfuric acid is continuously drawn off the acid settler and 
replaced with fresh acid to maintain an acid strength of 90 to 92 percent. The spent acid, 
typically 100-300 tons per day, is either sent to an onsite acid plant for regeneration or, more 
commonly, sent offsite via tanker truck, railcar, or barge to a sulfuric acid supplier for 
reclamation. 

Spent sulfuric acid used to produce virgin sulfuric acid, unless it is accumulated 
speculatively, is excluded from the definition of solid waste, as provided in Section 
261.4(a)(7). The §3007 questionnaire results support the industry's claim that greater than 
99 percent of the spent acid is reclaimed. 

The spent acid exhibits the RCRA 
characteristic for corrosivity. Currently, 17 
facilities reported managing their spent acid 
as corrosive, which represents 251,199 MT 
of the waste. The Agency expects that all 
of this residual would fail the corrosivity 
characteristic if tested, however, due to the 

According to the Oil and Gas Journal, 
growth in I-I:zS04 regeneratiOn is expected 
through 1<;)95 due to increased demand for 

·a.Ikylate, ·• env~nll!~ntlll.Pressure~; . M4 
ref()flliUlaqQil ()f ~line; i . 

existing exemption, the characteristic does not apply and thus was not uniformly reported. 

3.5.2.2 Generation and Management 

The §3007 questionnaire responses indicated 1,760,071 MT of spent H~04 acid were 
generated in 1992. Residuals were assigned to be "spent sulfuric acid alkylation catalyst" if 
they were assigned a residual identification code of • spent liquid catalyst" and was generated 
from a process identified as a sulfuric acid alkylation unit. This corresponds to residual code 
03-C in Section Vll.2 of the questionnaire and process code 03-C in Section IV-l.C of the 
questionnaire. In this industry study, spent H2S04 was the largest-volume waste being 
examined, twice the volume of the next largest-volume waste. Table 3.5.1 provides a 
description of the total quantity generated, number of streams reported, number of 
unreported volumes, and average and 90th percentile volumes. 

The RCRA §3007 questionnaire showed that spent H2S04 is continuously drawn off 
the unit to either a holding tank, an onsite acid regeneration plant, or directly offsite to a 
reclaim~r. At least 1,072,000 MT of sulfuric acid are managed in tanks. 

Greater than 99 percent of the 1,760,071 MT of spent acid generated at 45 refineries 
is either used as replacement catalyst, regenerated onsite, or sent offsite for regeneration. 
Insignificant amounts of acid from spills are managed at the WWTP and discharged either to 
a POTW or to surface waters under a NPDES permit. 
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Table 3.5.1. Gi!neration Statistics for Spent H2S04 Alkylation Catalyst 

Final Management #of #with Total Avenllle 90th% 
Streams Unreported Volwne Volwne Volwne 

Volwnes (MI') (MI') (MI') 

Di>"harge to WWTP; G 2 154.76 26 !:SO 
discharge to surfare waters; 
discharge to POTW 

Offsite incineration 1 0 0.09 0.09 0.09 

Reuse oosite as replaremeot 2 0 87,400 43,700 43,700 
catalyst 

Transfer of acid for 38 I 1,424,162 37,478 74,414 
reclamation 

Oosite acid regeneration/ 7 2 248,355 35,479 98,000 
oosite sulfuric acid plant 

Total spent H2so, 54 s 1,760,071 31,429 66,000 

No plausible management scenarios for ftnal management were identified for the use 
in the risk assessment due to the fact that the information collected in the §3007 survey 
supported the assumption that greater than 99 percent of the spent acid is reclaimed and, 
therefore, is covered by the existing exclusion. A summary of EPA's reasoning in selecting 
pathways for quantitative risk assessment modeling is presented in Table 3.5.2. 

Table 3.!5.Z. _Selection of Risk Assessment Modeling Scenario: 
Spent H1S04 Alkylation Catalyst 

Waste 

Discharge to WWTP; discharge to 
surface: wat.c;:rs; discharge to POTW 

Offsite incineration 

Reuse onsite as replacement catalyst 

Transfer of acid for reclamation 

Onsite acid regeneration/onsite sulfuric 
acid plant 

Petroleum Refining Listing Determination 
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Basis for Consideration in Risk Assessment 

Not modeled, very small volume and existing 
coverage of current listings 

Not modeled, de minimis volume 

Not modeled, exempt management practice 

Not modeled, exempt management practice 

Not modeled, exempt management practice 
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3.5.2.3 Characterization 

Due to the pre-existing RCRA exclusion, residual characterization information was 
collected only in the §3007 sucvey a.nu no ro:cunl samples were collected for this residual of 
concern. Table 3.5.3 summarizes the physical properties of the tank sludge as reported in 
Section VII.A of the §3007 survey. One familiarization sample was collected and the 
characterization data for it is presented in Table 3.5.4. 

Table 3.5.3. II2S04 Alkylation Catalyst Physical Pruperties 

Properties 

pH 

Reactive CN, ppm 

Reactive S, ppm 

Flash Point, •c 
Oil and Grease, vol% 

Total Organic Carbon, vol% 

Viscosity, lb/ft-sec 

Specific Gravity 

BTU Content, BTU/lb 

Aqueous Liquid, % 

Organic Liquid, % 

Solid, % 
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#of #of 
RC Unreported 

Values 

35 29 

4 60 

3 61 

10 54 

4 60 

8 56 

9 55 

32 32 

3 61 

43 21 

37 27 

34 30 

117 

lOth% Mean 

1.0 2.23 

0 62.75 

0 33.3 

60 103.9 

0 3 

0 3.3 

0.01 1.1 

1.12 1.7 

0 233 

100 84 

0 5.3 

0 3.1 

90th% 

3 

250 

100 

183.6 

8 

5 

10 

1.83 

700 

100 

10 

2 
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Table 3.5.4. H:S04 Alkylation Cat.aly:.l Famillarizatiun Characterization Sample 

Acetonrtrile 
Methylene chlonde 
Methyl ethyl ketone 

None Detected 

Aluminum 
Arsenic 
Calcium 
Chromium 
Copper 
Iron 
Manganese 
Moylbdenum 
Nick•l 
Sodium 
Zinc 

Corrosivity (pH) 
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Notw: 

Volatile Organics - Method 826CIA 1'9/L 
CAS No. 8-SA-01 

75056 i 55,000: 
7S092i8 
789331 

31,0001 
35,000! 

Semivolatile Organics - Method 62709 !Jg/L 
CAS No. 8-SA-01 

NA \ NA 

Tot41 Metals- Methods 6010, 7060, 7421, 7470, 7471, ~no 7841 mg/L 
CAS No. B-SA-01 
7429905 4.1 
7440382 0.12 
7440702 15.9 
7440473 1.5 
7440508 0.52 
743911911 50.3 

74399tl5 0.33 
7~99B7 0.60 
7440020 0.82 
7440235 37.5 
7440566 0.27 

Miscellaneous Characterization 
S-SA-01 

<1/ 

B Analylto oloo dotect!Od in the IIISOCielod mothod bl..,k. 
Nil Not Appliceble. 
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3.5.2.4 Soyrcc Rcc!uction 

Even though refiners recycle all 
of their spt:nt H2SO., tln:y still a.re 
required to handle large quantities of 
acid. Transporting and handling these 
large volumes of spent acid poses 
significant potential risks due to 
transportation accidents and human 
error. Retiners and service companies 

According to the Oil arul Gas Journal, many 
refiners. stated that,. if a solid-acid process with 
economics comparable to sulfuric acid 
alkylation was available, they would· consider 
it for new units. 

are in the process of developing solid-acid catalysts to be used in the alkylation process. 

Several solid-acid catalysts used for alkylation are being tested in pilot plants. The 
solid-catalyst reactor systems are different from the current liquid-acid systems, but for one 
solid-catalyst operation, the other process equipment is compatible. The three types of new 
solid catalyst include aluminum chloride, alumina/zirconium halide, and antimony 
pentafluoride (a slurry system). 
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3.5.3 Slud&e from Sulfuric Acid Alkylation • Residual 11 

3.5.2.1 Description 

As discussed above, some facilities have neutralization pits, which neutralize streams 
headed to the WWTP, serving as surge tanks. Sludges occur from neutralizing salts (al
though most salts are soluble), settling polymer/tars, and dirt washed into process sewers. 
Sludge may also be generated in process line junction boxes, in the spent H2S04 holding 
tank, and during turnarounds. Typical neutralizing agents include lime, sodium hydroxide, 
calcium chloride, and potassium hydroxide. Depending on the neutralizing agent (i.e., 
calcium hydroxide), precipitated salts form and settle to the bottom of the pit. These salts or 
sludges must be periodically cleaned out. Potassium and sodium sulfate salts are soluble in 
water, therefore, no sludges are generated. 

Most r<>.fineries have ~witch~:'.£! from insoluble neutralizing agents (e.g., lime) to the 
soluble agents (e.g., sodium hydroxide, potassium hydroxide). The soluble sulfates do not 
create a sludge in the pits and are carried with the effluent to the WWTP. This practice has 
significantly reduced the amount of these sludges generated by refineries. 

Two facilities reported managing their H2S04 alkylation sludge as hazardous. These 
waste streams were managed either as F037 or as corrosive wastes. 

3.5.2.2 Generation and Management 

The questionnaire responses indicated 608 MT of H2S04 alkylation sludge were 
generated in 1992. Residuals were assigned to be "sulfuric acid alkylation sludge" if they 
were assi&ned a residual identification code of "alkylation neutralization sludge" or "other 
process sludge" and was generated from a process identified as a sulfuric acid alkylation 
unit. These correspond to residual codes 02-B and 02-D, respectively, in Section VII.2 of 
the questionnaire and process code 09-A in Section IV·l.C of the questionnaire. Spent 
H2S04 catalyst was mischaracterized as sludge in the 1983 RCRA survey and subsequent 
documents used to identify the consent decree wastes. The 1983 corrected data indicated 
only 482 MT of sludge was generated, not 61,338 MT. Table 3.5.5 provides a description 
of the quantity generated, number of streams reported, number of unreported volumes, and 
average and 90th percentile volumes. 

The questionnaire responses reported that 17 MT of sludge were disposed of in either 
Subtitle D or C landfills in 1992. Approximately 380 MT of sludge were managed in land 
treatment units. 
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Table 3.5.5. Generation Statistics for H,SO, Alkylation Sludge 

FinAl ManagPmPnt #of H of Total Average 90th 
Streams Unreported Volwne Volwne Percentile 

Volwne (MI') (MI') Volwne 
Streams (MI') 

Transfer of acid for reclamation' 2 0 80 40 40 

Disposal offsite Subtitle D landfill 2 1 10 5 10 

Disposal offsite Subtitle C landfill 1 0 7 7 7 

Discharge to WWTP; discharge to 3 3 130 43 120 
surface water 

Offsite land treatment I 0 100 100 100 

Onsite land treatment 2 0 280 140 278 

Offsite incineration 1 0 I I 1 

Total H,so, alkylation sludge 12 4 608 47 120 

1 Process upset sludge 80-95 % acid. 

Plausible management scenarios were chosen by EPA on which to perform the risk 
assessment model. The scenarios were chosen based m1 the numerous "high potential 
exposure" disposal practices currently used, which negated the need for projecting 
hypothetical "plausible" mismanagement. Given the Agency's past experience with risk 
assessment modeling, the management practices summarized in Table 3.6.1 were reviewed to 
identify those practices likely to pose the greatest threats to human health and the 
environment. The selected management practices are: 

• Onsite land treatment (46% of sludge) 

• Offsite land treatment (16.4% of sludge:) 

• Offsite Subtitle D landfilling (about 2% of sludge) 

An onsite monofill scenario was rejected because of the intermittent generation 
frequency, which is not typical of waste that tends to be monofilled. Similarly, the Agency 
did not model interim storage of sludge prior to final management. This residual is 
infrequently generated, and space and cost constraints create incentives for the refineries to 
minimize on-site storage. 

The sludges managed in wastewater treatment systems were not chosen for evaluation 
in the risk assessment because these sludges will settle out in the primary treatment steps and 
are already listed as hazardous. 
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A summary of EPA's reasoning in selecting pathways for quantitative risk assessment 
modeling is presented in Table 3.5.6. 

Characterization data for the management units and their underlying aquifers were 
reported in the §3007 survey. Table 3.5. 7 provides a summary of the data for the targeted 
management practices used in the risk assessment. 

Table 3.5.6. Selection of Risk Assessment Modeling Scenario: 
H2SO. Alkylation Sludge 

Final Management 

Transfer of acid for reclamation' 

Disposal offsite Subtitle D landfill 

Disposal offsite Subtitle C landfill 

Di.lSI;;harae to VIWTP; di/S(;hacge to surf~ watec 

Offsite land treatment 

land treatment 

If Offsite incine:ration 

1 Proceas upset sludge 80-95% acid. 

Petroleum Refining Listing Determination 
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Basis for Consideration in Risk Assessment 
= 

Not modeled, exempt management practice 

Modeled 

Not modeled, already managed as hazardous • no 
incremental risk to control 

Not modeled. Miu.iwal voluwc. Wa..IC:willct 
discharge is exempt. Air pathways controlled by 
Benzene NESHAPs. Impact on WWTP expected to 
be minimal due to small volume of waste in relation 
to the total volume of wastewater typically treated. 
Sediments would be captured by existing hazardous 
waste listings and further controlled by the Pbase IV 
LDR standards when the sediments exhibit any of the 
characteristics. 

Modeled 

Modeled 

Not modeled. de minimis volume 

122 October 31, !995 



Table 3.5. 7. Management Practices Targeted for Risk Assessment 

H,S04 Alkylation Sludge 

Parameters #of # ofRC #RC wl Total lOth% 50th% 90th% 
Fae. Unreported Volume Volume Volume Volume 

Volume <Mn (MT) (MT) (MT) 

Offsite Subtitle D 2 2 1 10 - s 10 
Landfill' 

Offsite Land 1 1 0 100 - 100 100 
Treatment Unit 

Onsite Land 1 2 0 280 - 280 280 
Treatment Unit' 

Chan.cteristics 

:Surface Area (acres) 15 20.2 170 

Depth of Incorporation (in) 5 8 12 

Amount Applied (1992 Mn' 74.3 5,129 6,100 

Methods of Incorporation: Disking (3) 

# of Land Treatment Uniu: 3 

Aquifer lnfonnation 

Depth to Aquifer (ft) IS IS IS 

Distance to Private Well (1000 ft) 2S 2S 2S 

. Population Using Private Well 0 0 0 

Di.stance·to Public Wen (ft) - - -
Population Using Public Well - - -
#of Aquifers: 3 

Source: f!!!l.!i£ Private 
Unn::portod 3 2 
Uppermost - 1 

Classifioation of Uppermost Aquifer: 
Current or potential source of drinking water (I) 

Not eo01idcrcd a potential source of drinking water (1) 
Unreported (I) 

• 1 The mean and 90th percentile were detcnnined by using a management unit loading method (i.e., more than one waste 
stream from one refinery may be disposed of in one management unit causing the 90th percentile number actually to be the 
sum of 2 or 3 waste volumes). 
1 Volumes represent the average volume of all wastes applied to the land treatment units accepting the alkylation sludge and 
not just the slud&e alone. 
' The number of onsite land treatment unita charsotcri:l:cd in Tobie 3.5.7 is l!fCate1" than indicated in Tobie 3.S.S which 
focuses only on volumcs&cncrated in 1m. Tobie 3.5.7 incorporates dsts from all onsite land treatment units receiving 
sulfuric acid alkylation slud110 in any year reported in the §3007 survey. 
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3.5.2.3 Characterization 

Due to changes in management practices (i.e., changing from an insoluble neutralizing 
agent to a soluble one), samples of neutralization pit sludges were very difficult to obtain. 
Sludges generated in junction boxes and spent H2S04 tanks are accessible only during unit 
turnaround every 2 to 5 years. These stipulations made sample procurability very difficult 
during the time of the field study. The number of refineries chosen for record sampling was 
expanded to increase the availability of this residual, however, the newly targeted samples 
were never actually available. 

Two sources of residual characterization were developed during the industry study: 

• Table 3.5. 8 summarizes the physical properties of the sludge as reported in 
Section VII. A of the §3007 survey. 

• One sample of H2S04 alkylation sludge was collected and analyzed by EPA. 
Sample location is expressed in Table 3.5.9. Table 3.5.10 provides the 
characterization data for this sampling effort. 

Table 3.5.8. H,so. Alkylation Sludge Physical Properties 

Properties 

pH 

Reactive CN, ppm 

Reactive S, ppm 

Flash Point, •c 
Oil and Grease, vo1% 

Total Organic Carbon, vol% 

Specific Gravity 

BTU Content, BTU/lb 

Aqueous Liquid, % 

Organic Liquid, % 

Solid, % 

Petroleum Retinin& Listin& Determination 
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#of #of 
RC Unreported 

Values 

17 15 

3 29 

4 28 

6 26 

10 22 

7 25 

10 22 

2 30 

11 21 

11 21 

11 21 

124 

lOth% Mean 

1.0 5.5 

0 1667 

0 50 

43.9 84.4 

0 1.6 

0.04 6.6 

1.0 8.5 

100 800 

0 12.6 

0 8.4 

20 79 

90th% 

9.8 

250 

100 

200 

3.6 

25 

36 

1,500 

25 

5 

100 
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Table 3.5.10 provides the characterization data for t!Lis sample. Only constituen~ 
detected in at least one sample are shown in this table. The sludge sample exhibited the 
toxicity characteristic for chromium and the corrosivity characteristic. 

Table 3.5.9. H2S04 Alkylation Sludge Record Sampling Locations 

Sample number Facility Description: Type of Generating Unit, 
Catalyst 

RSB-SS-01 Amoco, Texas City, TX Neutralization sludge from H2S04 

alkylation unit and H2S04 plant, dredged 
from pit 

3.5.2.4 Source Reduction 

As mentioned previously, most refineries have switched from insoluble neutralizing 
agents (e.g., lime) to the soluble agents (e.g., sodium hydroxide, potassium hydroxide). The 
soluble sulfates do not create a sludge in the pits and are carried with the effluent to the 
WWTP. This practice has significantly reduced the amount of these sludges generated by 
refmeries. 

Another practice that has reduced the amount of sludge generated is the reduction of 
the frequency and method of testing the acid strength. By reducing the frequency of testing 
acid concentration from once every 2 hours to twice a day, the amount of neutralizing agent 
needed and the amount of solids and acid tars accumulating on the pit bottom have been 
reduced, because the sample port purge volumes are reduced. 
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3.6 HYDROFLUORIC ACID ALKYLATION 

3.6.1 Process Description 

Hydrofluoric acid alkylation is very similar to the H2S04 alkylation process. In the 
hydrofluoric acid alkylation process, olefin and isobutane gases are contacted over 
hydrofluoric acid (HF) catalyst to synthesize alkylates for octane-boosting. The reaction 
products are separated by distillation and scrubbed with caustic. Alkylate product has a 
research octane number (RON) in the range of 92 to 99. Because of its clean burning and 
contribution to reduced emissions, alkylate is a highly valued component in premium and 
reformulated gasolines. The HF process differs from the H2S04 alkylation in that the HF 
catalyst is managed in a closed-loop process, never leaving the unit for replacement or 
regeneration. Figure 3.6.1 provides a generic process flow diagram for HF alkylation. 

Figure 3.6.1. HF Alkylation Process F1ow Diazram 
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The olefin stream is mixed with the isobutane and HF in tJle reactor. To prevent 
polymerization and to receive a higher quality yield, temperatures for the HF catalyzed 
reaction are maintained at approximately 100•F. Pressures are kept so all reaction streams 
are in their liquid form (usually 85 to 120 psi). The streams are mixed well in the reactor to 
allow optimum reaction to occur. 

Petroleum Refining Listing Determination 
FJJla! Background Document 127 October 31, 1995 



The hydrocarbon/acid mixture then 
moves to the settler, where it is allowed to 
settle and phase separate. The 
hydrocarbons are drawn off the top and sent 
to a fractionator. The acid is drawn from 
the bottom and recycled back to the reactor. 
A slip stream of acid is sent to an acid 
regenerator where distillation separates the 

U.S. alkylation units are operating at more 
than 90% of the.1,083,154 BPSD capacity 
from 103 refineries (59 of which used HF 
alkylation), according to an Arthur D. 
Little report. 

HF acid from by-product contaminants. The HF acid from the regenerator is recycled back 
to the reactor. Fresh acid is added to replace acid losses at a rate of about 500 pounds per 
day. 

A residual of high molecular-weight reaction by-products dissolves in the HF acid 
catalyst and lowers its effectiveness. To maintain the catalyst activity, a slip stream of 
catalyst is distilled, leavini the by-product, acid soluble oil (ASO), as a residue. The ASO is 
charged to a decanting vessel where an aqueous phase settles out. The aqueous phase, an 
azeotropic mixture of HF acid and water, is referred to as constant boiling mixture (CBM). 
The ASO is scntbbt>.d with potassium hydroxide (KOH) to remove trace amounts of HF and 
either recycled, sold as product (e.g., residual fuel), or burned in the unit's boiler. The 
CBM is sent to the neutralization pit. In some cases, the ASO from the regenerator is sent 
directly to the neutralization pit. The ASO is a residual of concern for the petroleum 
refining study. 

A series of fractionators distills the feed streams from the reactor into the alkylatc, 
saturated gases, and HF acid. The isobutane and HF are recycled back into the reactor as 
feed. 

The main fractionatof overhead is charged to the depropanizer and debutanizer, where 
high-purity propane and butane are produced. The propane and butane are then passed 
through the alumina treater for HF removal. Once catalytically defluorinated, they are 
KOH-treated and sent to LPG storage. 

As HF is neutralized by aqueous KOH, soluble potassium fluoride (KF) is produced 
and the caustic is eventually depleted. Some facilities employ KOH regeneration. Periodi
cally some of the KF-containing neutralizing solution is withdrawn to the KOH regenerator. 
In this vessel KF reacts with a lime slurry to produce insoluble calcium fluoride (CaF0 and 
thereby regenerates KF to KOH. The regenerated KOH is then returned to the system, and 
the solid CaF2 is routed to the neutralizini pit. The KF, at facilities that do not have a 
regenerator, is sent directly to the neutralizing pit, where it is reacted with lime to form a 
sludge. 

Spent caustic, KOH scrubbers, acidic waters from acid sewers and, in some cases, 
CBM are charged to neutralization pits (in-ground tanks), which neutralize effluent to the 
WWTP. Neutralizing controls fluoride levels to the WWTP. Neutralizing agents (sodium, 
calcium, and potassium hydroxide) are selected based on the refineries' WWTP permits. 
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Effluent to the pit is neutrnlized, generally with lime, which fonns a sludge (calcium 
fluoride) that collects on the bottom of the pit. This sludge is a residual of concern for the 
petroleum refining listing determination. 

HF acid is an extremely corrosive and toxic chemical. Refineries go to great lengths 
to protect their personnel from coming in contact with HF. Prior to entrance to an HF 
alkylation unit, personnel must have special training and wear various levels of pt:rsonal 
protective clothing (depending upon the work to be performed). The unit is generally 
cordoned off and marked as an HF hazard area. Valves, flanges, and any place where leaks 
can occur are painted with a special paint that will change colors when contacted with HF. 
The units are continuously monitored and alarms are activated if an HF leak is detected. 
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3.6.2 Sludge from Hydrofluoric Acid Alkylation - Residual 12 

3.6.2.1 Description 

As discussed above, the volume and type of sludge generated are dependant on the 
types of influents to the neutralization pit and the type of neutralizing agent used. 
Neutralizing agents are selected based on the fluoride limits in the WWrP perm1ts. 
Generally, lime is used, creating calcium fluoride salts. The fluoride salts drop to the 
bottom of the pit and form a sludge, which periodically must be removed. 

KOH scrubbers produce potassium fluoride, which is soluble. It is sent to the 
regenerator, as discussed above, or charged to the neutralization pit where it is contacted 
with lime. The calcium fluoride salt settles out, forming a sludge, and the resulting KOH 
solution is discharged to the WWTP. Some facilities discharge ASO or CBM to their 
neutralization pit, which adds heavy hydrocarbons (i.e., alkylation process tars) to their HF 
sludge. 

The neutralization sludge, composed largely of calcium fluoride and unreacted lime, is 
removed on a batch basis approximately every 3 to 6 months. The sludge is usually removed 
using a vacuum truck. It may be dewatered using either a centrifuge, belt press, or plate and 
frame filter press prior to final management. 

Seven HF sludge residuals were reported as being managed as hazardous. These 
residuals were managed as either F037, K051, ignitable and corrosive, or corrosive. 

3.6.2.2 Generation and Management 

The refineries reported generating approximately 11 ,288 MT of HF alkylation sludge 
in 1992. Residuals were assigned to be "HF alkylation sludge" if they were assigned a 
residual identification code of "alkylation neutralization sludge" and was generated from a 
process identified as an HF acid alkylation unit. This corresponds to residual code 02-B in 
Section VII.2 of the questionnaire and process code 09-B in Section IV-l.C of the 
questionnaire. Table 3.6.1 provides a description of the quantity generated, number of 
streams reported, number of unreported volumes, and average and 90th percentile volumes. 
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Table 3.6.1. Gi!neration Statistics for HF Alkylation Sludge 

Final Management #of #of Total 
Streams Unreported Volume 

Volume (MT) 

Streams 
-·-

Discharge to WWTP; 3 I 78.6 
discharge to surface water 

Onsite land treatment 5 1 556 

Offsite land treatment 1 0 686 

Disposal offsite Subtitle D 7 I 7,374.4 
landfill 

sal onsite Subtitle D 1 0 45 
II 

Disposal offsite Subtitle C 4 I 61 
landfill 

Disposal onsite surface 1 0 221 
impoundment' 

Offsite industrial furnace' 1 0 828 

Recovery oosite in coker 1 0 1,314 
-·-·--

Neutralization 2 0 124 

Total HF alkylation sludge 26 4 11,288 

1 Surface impoundment dedicated to alkylation unit; practice discontinued in 1992. 
' Waste sent to cement kiln (applying for BIF status); refinery since closed. 

Average 
Volume 

(!\IT) 

26.2 

111 

686 

1,053.5 

45 

IS 

221 

828 

1,314 

62 

342 

90th 
Percentile 
Volume 
(!\IT) 

28 

542 

686 

1,977 

4'i 

39 

221 

828 

1,314 

124 

1,314 

Plausible management scenarios were chosen by EPA on which to perform the risk 
assessment model. The scenarios were chosen based on the numerous "high potential 
exposure" disposal practices currently used, which negated the need for projecting hypotheti
cal "plausible" mismanagement. Given the Agency's past experience with risk assessment 
modeling, the management practices summarized in Table 3.6.1 were reviewed to identify 
those practices likely to pose the greatest threats to human health and the environment. The 
selected management practices are: 

• Onsite land treatment (5% of sludge) 

• Off site Subtitle D Iandfilling (about 65% of sludge) 

• Onsite Subtitle D landfilling (about 0.4% of sludge) 
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An unsite munufill ~cenario was rejected because of the intermittent generation 
frequency, which is not typical of waste that tends to be monofilled. Similarly, on-site 
interim storage was not modeled. The sludge is generated infrequently, and space and cost 
constraints create incentives for the refineries to minimize the on-site storage period. 

The sludges managed in wastewater treatment systems were not chosen for evaluation 
in the risk assessment because these sludges will settle out in the primary treatment steps and 
are already listed as hazardous. 

A summary of EPA's reasoning in selecting pathways for quantitative risk assessment 
modeling is presented in Table 3.6.2. 

Table 3.6.2. Selection of Risk Assessment Modeling Scenario: 
HF Alkylation Sludge 

Waste Basis for Consideration in Risk Assessment 

Di.,harge to WWTP; discharge to rurface Not modeled. Minimal vol....,.. Wastewater 
water discharge is exempt. Air pathways controlled by 

Benz.ene NESHAPs. Impact on WWTP expected to 
be minimal due to small volume of waste in relation 
to the total volume of wastewater typically treated. 
Sediments would be captured by existing hazardous 
waste listings and further controlled by the Pbase IV 
LOR standanls whon the sediments exhibit any of the 
cbaracteristics. 

Onsite land treatment Modeled 

Offsite land treatment Modeled 

Disposal offsite Subtitle D landfiU Modeled 

Disposal onsite Subtitle D landfiU Modeled 

Disposal offsite Subtitle C landfill Not modeled, already managed as hazardous - no 
incremental risk to control 

Disposal onsite surface impoundment Not modeled, rare practice and unit closed in 1992 

Offsite industrial furnace Not modeled; rare practice; cement kiln managing 
hazardous waste and presently applying for BIF 
permit, and refinery reporting this practice is now 
closed 

Recovery onsite in coker Not modeled, management practice expected to be 
exempt 

Characterization data for the management units and their underlying aquifers were 
reported in the §3007 survey. Table 3.6.3 provides a summary of the data for the targeted 
management practices used in the risk assessment. 
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Table 3.6.3. Management Practices Targeted for Risk Assessment 

HF Alkylation Sludge 

Parameters #of # ofRC # RC w/ Total lOth 'II. 
Fae. Unreported Volume Volume 

Volu.me (MT) (MI') 

Onsitc and Offsitc 6 8 I 7,374.5 -
Subtitle D Landfill'·' 

Oosite Landfill Characteristics 

Surface Area (acres) 7 

Remaining capacity (cu. yd.) 75,000 

Percent remaining capacity (cu. yd.) 13 

Total capacity (cu. yd.) 150,000 

Number of strata in completed unit -
Depth below grade (ft) 3 

Height above grade (ft) s 
# of Landfills: I 

Aquifer Information 

Depth w Aquifer (11) ''·' 
Distance to Private Well (ft) 16,000 

PopuLIUion O.eins; Ptiv.ue W•U -

-
Distance to Public Well (ft) - -
Population U•mg Public Well -
# of Aquifcn: 1 

Source: l'llbll~ P-!iva!e 
Unreported 1 -
Uppermost - -
Lowermost - -
Combination - 1 

Cl.usifioation of Uppermost Aquifer: 
Not considered a potential source of drinking water (1) 
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50th% 90th% 
Volume Volume 

(MT) (MI') 

1,448 2,256.6 

7 7 

75,000 75,000 

13 13 

150,000 1 

- -
3 3 

s s 

!,,, "· 
16,000 16,000 

- -

- -
- -
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Table 3.6.3. Management Practices Targeted for Risk Assessment 

HF Alkylation Sludge 

Parameters #of # ofRC # RC w/ Total lOth% 50th% 90th% 
Fac. Unreported Volume Volume Volume Volume 

Volume (MT) (MT) (MT) (MT) 

Offsite Land I I 0 686 - 686 686 
Treatment Unit 

Onsitc Land 4 s I 556 - 6.35 542 
Treatment Unit1

·' 
Characteristics 

Surface Area (acres) 0.6 7 32.3 

Depth of Incorporation (in) 4 12 60 
·---

Amount Applied (1992 MT)' 2 229 1,049.5 

Methods of Incorporation: Disking (5) 
Sub~uafill\;C l•tia.:tluu (1) 
Bulldozing (1) 

# of Land Treatment Units: 7 

Aquifer Information 

Depth to Aquifer (ft) 15.5 60 ISO 

Distance to Private Well (ft) 2,000 6,200 26,400 

Population Using Private Well I 2 3 

Distance to Public Well (ft) 2,000 10,240 18,480 

Population Using Public Well 250 250 250 

# of Aquifers: 6 

Source: fl!!lli!l fl:ilWs 
Unreported 3 6 
lAwennost 2 1 
Combination 2 -
Classification of Uppennost Aquifer: 

Current or potential source of drinking water (I) 
Not considered a potential source of drinking water (6) 

1 Tho mean and\ur 90th pc:n;ent.i.lo 'WCn' dmmnined by using a managc:mc:nt unit loading method (i.c:. 1 more t1w1. one waste 
stream may be disposed of in one management unit causing the 90th percentile number to actually be the sum of 2 or 3 
waste volumes). 
2 Volumes represent the average volume of all wastes applied to tho land treatment units accepting the HF acid alkylation 
sludge and not just the sludge alone. 
' The number of onsite land treatment units characterized in Table 3.6.3 is greater than indicated in Table 3.6.1 which 
focuaes only on volumes generated in 1992. Table 3.6.3 incorporates data from all onsitc laod treatment units receiving HF 
Acid •llcyl111tinn dudge in any year reported in the §1007 1urvey. 

• Models used the same input volumes for both on- and offsite Subtitle D landf..U socnsrios. 
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3.6.2.3 Characterization 

Two sources of residual characterization were developed during the industry study: 

• Table 3.6.4 summarizes the physical properties of the tank sludge as reported 
in Section Vll.A of the §3007 survey. 

• Five samples of HF alkylation sludge were collected from the neutralization 
pits. These sludges represent the various types of dewatering typically used by 
the industry. Table 3.6.5 presents sample locations and descnptions. 

Table 3.6.4. HF Alkylation Sludge Physical Propt!rtit:S 

Properties # ofRC 11 or lOth% Mean 90th% 
Unreported 

Values 

pH 31 16 7.5 10.27 12.6 

Reactive CN, ppm 16 31 0 19.9 50 

Reactive S, ppm 14 33 0 26.2 100 

Flash Point, •c 14 33 60 83.65 100 

Oil and Grease, vo1% 13 34 0 2.68 5 

Total Organic Carbon, vol% 8 39 0 3.41 10 

Specific Gravity 15 32 1.1 1.18* 1.6 
-

BTU Content, BTUnb 2 45 100 1,050 2,000 

II Aqueous Liquid, % 34 13 0 54.6 90 

Organic Liquid, % 27 20 0 1.44 5 

Solid, % 35 12 10 49.4 100 

* Used the 50th pcn:entile because the arithmetic mean was higher than the 90th pcr<entilo due to an em:>neous data point. 

Samples of HF alkylation sludge were collected from the neutralization pits. Five 
samples were collected: four samples were dredged from the pit (not dewatered) and 1 
sample was collected after it had been filter pressed (dewatered). The samples are believed 
to be representative of the sludge as generated. One of the dredged samples was dewatered 
by the laboratory prior to analysis at the request of the refinery to represent their "disposed" 
sludge. Table 3.6.6 provides a summary of the characterization data collected under this 
sampling effort. Only constituents detected in at least one sample are shown in this table. 
As presented in the data, 4 of the HF sludge samples exhibited the characteristic of 
corrosivity. High concentrations of calcium and sodium can be attributed to the neutralizing 
agents: lime, calcium hydroxide and sodium hydroxide. 
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Table 3.6.5. HF Alkylation Sludge Record Samplhlc Locatioos 

Sample Number Location 

R3-HS-01 Exxon, Billings, MT 

RSB-HS-01 Amoco, Texas City, TX 

R9-HS-Ol Murphy, Superior, WI 

R15-HS-01 Total, Ardmore, OK 

R7B-HS-01 BP, Belle Chasse, LA 

3.6.2.4 Source Res!uction 

As described in the H~o. alkylation 
section, several solid-acid catalysts used for 
alkylation are being tested in pilot plants. The 
reactor systems are different from the current 
liquid-acid systems, but for one system the 
other equipment is. compatible. Three typeS of 
the new solid catalyst include aluminum 

Description 

Dredged from neutralization pit 

Dredged from neutralization pit 

Dredged from neutralization pit 

Dredged from neutralization pit 

Filter pressed 

According to Oil and Gas Joumal, 
solid-acid alkylation units are expected 
to have tbe greatest impact. em HF 
alkylation capacity• 

chloride, alumina/zirconium halide, and antimony pentafluoride (a slurry system). 

Recycling methods for the calcium fluoride include use in tbe steel-manufacturing 
industry. The calcium fluoride can be used as a neutral flux to lower the slag-melting 
temperature and to improve slag fluidity. CaF2 can also be routed back to an HF acid 
manufacturer, as the basic chemical in the HF-manufacturing process, which is the reaction 
of H~04 with fluorspar to produce hydrogen fluoride and calcium sulfate (Meyers). 

One refinery changed its neutrali.zati.on pit from an in-ground tank to an above-ground 
tank to segregate the ASO from entering the pit and to prevent dirt and spilled hydrocarbons 
from contaminating the CaF2• Their goal was to find a market to recycle the calcium 
fluoride. As of August 1994, the refinery hal1 not found a market for the CaP2 and was 
landfilling it. 
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Table 3.6.6. HF Alkylatioa SludJe CbaracterizatiBo 
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T-o 108003 8 1,20) < < ' 
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1Stml¥detlll arg.,g - Mlllhod 62"108 ~ .. , ..... 
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3. 7 THERMAL PROCESSES 

3. 7.1 Process Description 

Thennal processes include all processes where feed is cracked solely by a thennal 
process, rather than a catalytic reaction mechanism. Like catalytic cracking processes such 
as FCC, thennal processes conven heavy stocks to light hydroca.rbon products such as 
gasoline blending stocks. Unlike the FCC, however, thermal processes crack without a 
catalyst. The RCRA §3007 database identifies 64 facilities with thermal cracking processes, 
as follows (the total exceeds 64 because some facilities have multiple types of thennal 
processing units): 

3. 7.1.1 

Process 

Delayed coking 
Visbrealcing 
Fluid coking 
Thermal cracking 
Coke calcining 

Delayed Cokina 

Number of Facilities 

47 
10 
7 
4 
2 

A process flow diagram of a delayed coking unit is shown in Figure 3.7.1. Residuum 
is heated to the point of cracking, 900 to 9S0°F, and is continuously fed to a coke drum at 
20 to 60 ~ in the delayed wkina unit (M~;;K.c:tta, lm). The n:aiduum ~;;racb in the drum; 
the gaseous products exit the top of the drum and are recovered in the fractionation section. 
Coke, a product of the cracking process, slowly builds up in the drum. 

After approximately 24 hours, the coke drum fills with coke and the feed is switched 
to a parallel coke drum. The first drum is cooled and the built-up coke is hydraulically 
drilled out onto a pad and sold as a product. 

The drilling cycle typically is as follows: 

1. Feed to the coke drum is stopped. 
2. The coke drum is depressurized and cooled; the offgases are vented to the 

recovery section. 
3. The coke is drilled out using high pressure (3000 psi) water (Mc:Ketta, 1992). 

Due to these repeated drilling cycles, the delayed coking process is a high consumer 
of water. Present refinery practice, however, includes the recycling of this water within the 
unit. To prepare the water for reuse and to collect additional coke product, the water is 
typically treated using gravity separation to remove fines. These fines are collected and 
typically mixed with the coke product. 
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Figure 3.7.1. Process Flow Diagram of Delayed Coking Unit 

J:lecokina 
Waw .... - - .. ..., 

I 
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3.7.1.2 

-Coke 
Drum 

Yisbreaking 

t--GasOil 

FllnUICI 

The visbreaking process operates under less severe conditions than a coking process 
(850 to 900°F, 200 to 500 psi). Unlike delayed coking, the principal objective is not to 
produce gasoline blending ~tocks but instead to produce gas oil for use in heating oils. 
Residuum is fed to the reactor, where the feed is cracked and the overhead gases 
fractionated. Because the process is less severe, visbreaking units do not generate product 
coke or fines. 

3.7.1.3 Thermal Crac!cim~ 

Like visbreaking, thermal cracking operates under less severe conditions than delayed 
coking. Feed to the unit includes residuum and gas oils. The reaction is conducted at 
approximately 1000•F and 140 psi (Leffler, 1985). These conditions allow the heavier 
molecules to crack but prevent coke formation. A fractionator separates the products which 
include residual fuel oil, gasoline, and light gases such as butane. The Dubbs unit is a 
thermal cracking unit. 
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3.7.1.4 Fluid Cokine; 

A process flow diagram of a fluid coking unit is shown in Figure 3. 7.2. All fluid 
cokers prest:ntly upt:nttt:d in i.ht: U.S. are licenst:d liy Exxun under the name fluid coking ur 
flexicoking. Residuum is heated and pressurized to be continuously fed to a fluidized bed 
reactor. The process uses no catalyst. Rather, the reactor bed consists of fluidized coke 
fines. The residuum cracks in this reactor to form lighter hydrocarbons which are recovered 
overhead in a fractionator. Additional coke is formed from the reaction and is continuously 
removed from the bottom of the unit, where it is used as fuel for the unit or is sold as 
product. 

Figure 3.7.2. Process Flow Diagram of Fluid Coking Unit 

3.7.1.5 

ResidUWII 
Feed 

Coke Calcining 

_. .... ea.& Naphtha 

Facilities with delayed coking units may further process their coke in a calciner to 
upgrade the product. A calciner dries the material and removes volatile organic compounds. 
However, calcining was not considered part of the scope of this refining industry study 
because it is not inherent to the refming process. 
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3. 7.2 Off-spec Product and Fines from Delayed Coking - Residual 13 

3. 7.2.1 Description 

Of the five processes described above, only two generate RCs for this study: 

• The delayed coking process generates product coke. When drilled out of the 
coke drum, the sizes of coke chunks range from 1 foot to one millimeter. 
The larger chunks are typically easily transferred to a coke product storage 
area, such as a pile. The smaller particles may become entrained in the coker 
unit water and are separated out by gravity, screening, or other physical 
separation processes. Fines may also appear near conveyer equipment. Some 
refmeries do not distinguish fines from other coke product if they collect all of 
the coke in one storage area for sale. Most product, including fines, is sold as 
coke. Occasional product ~pillage re~nlts in the generation of off-spec 
product. 

• The fluid coking process also generates product coke. Unlike the delayed 
coking process, the product is limited to fine, fluid-like particles. Larger 
agglomerated particles are sometimes formed and are removed from the 
system. 

None of the other processes generate product coke, and therefore none generate "off-spec 
product• for the purposes of this listing determination. The only solid residuals typically 
generated from these processes are reactor clean-out wastes. These are likely to resemble 
coked particles and scale, and could not be considered "fines. • Therefore, no other RCs are 
generated from thermal processing. 

Approximately 744 MT of off-spec 
product and fmes from thermal processes 
generated in 1992 were identified as 
displaying hazardous characteristics; less 
than 1 percent of the total volume managed. 

3.7.2.2 Generation and Management 

. .19?2 ~~~#~§~oh~ig~l~ ~~;· 
andfi$.1!$···rr.olli•Thet1J:!i:il.··l'rocesses•· · 

. Tl)t# ~@ as· haiafdous· •{llO• $!)eci.(il; 
desigDJ#i()ti)i 7# MT · • · · · 

Based on observations from engineering site visits, off-spec or fine coke from delayed 
cokin~~: is most often combined with other product coke for onsite interim stofall:e in large 
piles. 

Forty-four facilities reported generating a total quantity of 194,262 MT of this residual 
in 1992, according to the 1992 RCRA §3007 Questionnaire. Residuals were assigned to be 
"off-spec product and fines from thermal processes" if they were assigned a residual 
identification code of "off-spec product" or "fines" and were generated from a thermal 
process. These correspond to residual codes 05 and 06, respectively, in Section VII.2 of the 
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questionnaire and process code 14 in Section IV-l.C of the questionnaire. Based on the 
results of the questionnaire, 53 facilities have delayed or fluid cokers and thus may generate 
off-spec or fine coke. The other 9 facilities likely either (1) did not generate a separate fines 
stream in 1992, or (2) combine all of their coke product, including fines, in one pile and did 
not account for size differences. Table 3. 7.1 provides a description of the quantity 
generated, number of streams reported, number of unreported volumes, and average and 90th 
pc::r~Xntile volumes. 

Plausible management scenarios were chosen by EPA on which to perform the risk 
assessment model. The scenarios were chosen based on both (1) the Agency's past experi
ence with risk assessment modeling in identifying pathways of greatest concern, and (2) 
actual management practices used to manage this residual in 1992. Based on these two 
selection criteria, the following management practices from Table 3. 7.1 were identified as 
those likely to pose the greatest threats to human health and the environment: 

• Offsite Subtitle D landfill (used for 3.6 percent of the total residual volume). 

• Onsite Subtitle D landfill (used for 0.1 percent of the total residual volume). 

The predominant management method, offsite sales, was not evaluated because of the 
difficulty of modeling exposure pathways from this non-petroleum refining industry. Based 
on observations from engineering site visits, off-spec or fine coke is most often combined 
with other coke onsite in a pile. EPA assessed risks only from waste management, not 
product storage. However, EPA did assess the potential for air releases during landfilling a_~ 
a result of the frequent generation frequency and small particle size associated with this 
residual and believes that this assessment may be comparable to the potential risks associated 
with on-site storage prior to final management. 

A summary of EPA's reasoning in selecting pathways for quantitative risk assessment 
modeling is presented in Table 3.7.2. 

The management unit characterization data were provided in the §3007 survey. Table 
3. 7.3 provides a summary of the management unit characteristics and aquifer information. 

3.7.2.3 Characterization 

Two sources of residual characterization were developed during the industry study: 

• Table 3. 7.4 summarizes the physical properties of the tank sludge as reported 
in Section VTI.A of the §3007 survey. 

• Six record samples of off-spec product or fines were collected and analyzed by 
EPA. These samples represent residuals generated from the two different 
types of units generating this residual and are summarized in Table 3.7.5. 
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Table 3.7.1. Generation Statistics for Off-Spec Product and F'mes from Thermal 
Processes, 1992 

Final Management #of #of with Total Average 90th% 
Streams unreported Volmne Volmne Volmne 

volwne (MT) (MT) (MT) 

Transfer with coke product'~ 38 9 168,986 4,447 17,000 

Recovery onsite in coker 2 I 9,358 4,679 9,125 

Disposal in offsite Subtitle D landfill 11 0 7,064 642 44I 

Discharee to onsite WWTP' 6 I 4,996 833 3,200 

Onsite boiler 3 I 2,088 696 2,000 

Disposal offsite in Subtitle C landfill 11 0 786 71 2Il 

Onsite storage' 8 I 399 so I96 

Offsite recycle to catalyst broker I 0 200 200 200 

Disposal in onsite Subtitle D landfill 3 0 187 62 164 

Disposal in onsite Subtille C landfill 2 0 140 70 70 

Onsite land treatment I 2 34 34 34 

Offsite land treatment I 0 2I 2I 2I 

Offsite incineration 2 0 3 1.5 1.5 

Other' 1 5 0 0 0 

TOTAL 90 20 194,262 2,158 $,372 

' Management methods reported as "offsite use as fuel" and "transfer with coke product• were combined here 
because they were assumed to be the same. 
' The facilities reporting the residual comprising the largest (90th percentile) volumes for using these 
maoagement methods verified their maoagcmmt methods as follows: 

• Onsite recovery in coker: off gas from fluid coking is sent to a CO boiler, theu to an electrostatic 
precipitator (ESP). Fines from the ESP are recycled to the unit feed. 
• Discharee to onsite wastewater treatment: Water discharged from the battery limits of this facility's 
delayed coking unit contains fines, which settle as primary sludge in their treatmeut system. 
• Onsite boiler: offgas from fluid coking is sent to a CO boiler. Fines, present in the flue gas at the 
quantity indicated, are burned in this boiler. 

' Storage onsite in piles and in roll-on/roll-off bins was reported as final management method; ultimate 
management was not provided. 
• Other interim management practices were included, with no effect on total volume, a small effect on 90th 
percentile, and only a one percent effect on mean volume. 
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Table 3. 7 .2. Selection of Risk Assessment Modeling Scenario: 
Off-Spec Product and Fmes from Tbennal Processes 

Final Management 

Transfer with coke product1 

Recovery onsite in coker 

Disposal offsite in Subtitle D 
landfill 

Discharge to onsite wastewater 
treatment2 

Onsite boiler 

Disposal offsite in Subtitle C landfill 

-
Onsite storagel 

Offsite recycle to catalyst broker 

Disposal in onsite Subtitle D landfill 

Disposal in onsite Subtitle C landfill 

Onsite land treatment 

Offsite land treatment 

Offsite incineration 

See footnotes for Table 3. 7 .1. 

Petroleum Refining Listing Determination 
Final Background Document 

Basis for Consideration in Risk Ass 

Not modeled, exempt management practice 

Not modeled, exempt management practice 

Modeled 

Not modeled. Fines would settle out in sludge 
and be captured by existing hazardous waste 
listings. Wastewater discharge is exempt. Air 
pathways controlled by Benzene NESHAPs. 
Impact on WWTP expected to be minimal due to 
small volume of waste in relation to the total 
volume of wastewater typically treated. Sediments 
would be further controlled by the Phase IV LDR 
standards when the sediments exhibit any of the 
characteristics. 

Not modeled, boiler is integral part of fluid coker 
(designed to control CO releases. not fmes) and is 
not comparable to typical industrial boiler 

Not modeled, already managed as hazardous - no 
incremental risk to control 

Not modeled; small volume and not final 
management practice 

Not modeled, exempt management practice 

Modeled 

Not lnodeled, already managed as hazardous - no 
incremental risk to control 

Not modeled, rare practice, minimal volume; 
evaluated and emissions for landfill likely to be of 
greater concern 

Not modeled, less than 100 mt 

Not modeled, de minimis volume 

144 October 31, !995 



----------

Table 3. 7.3. Management Practices Targeted for Risk Assessment 

Off-spec Product/Fmcs from Thermal Prox:esses 

Parameters #of #or #RC w/ Total lOth% SOth% 90th% 
Fac. RC Unreported Vohune Volume Volume Volume 

Volume (MT) (MT) (MT) (MT) 

Onsite and Offsite 9 14 0 7,251 - 90.7 659 
SubtitleD Landfill'·' 

Onsite Landfill Characteristics 

Surface Area (acres) 12.6 36 50 

Remaining Capacity (thousand cu. yd.) 240 423 6,500 

Percent Remai.ni.og Capacity 0.7 1 100 

Total Capacity (thousand cu. yd.) 240 564 8,000 

Number of Strata in Completed UD.it 400 400 400 

Depth Below Grade (ft) 0 0.5 1 

Height Above Grade {ft) 6 17 72 

# of Landfills: 3 

Aquifer Information 

Depth to Aquifer (ft) 16 32 166 

Distance to Private Well (ft) 5,280 5,280 5,280 

Population Using Private Well 0 0 0 

Distance to Public Well (ft) 5,280 5,280 5,280 

Population Using Public Well - - -
# of Aquifers: 3 

Source: Public Private 
Unreported 3 2 
Combination - 1 

Classification of Uppermost Aquifer: 
Current or potential source of drinking water (1) 
Not OOI1$idered a potential so11rce of drinking wat« (2) 

1 The 50th and 90th percentile were determined by using a management unit loading method (i.e., more than 
one waste stream may be disposed of in one 11l8.1111.Sement unit cau.<ing the 90th percentile number 1<> actually be 
the sum of 2 or 3 waste volumes). 
2 Models used the same input volumes for both on· and offsite Subtitle D landfill scenarios. 
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~~~. . • C:':'-~""''" Product/Fines from Thermal Processes Physical Pr~~ 

#of # of lOth% Mean 90th% 
Properties RC Unreported 

Values 

pH 27 83 7.5 7.2 12.6 

Reactive CN, ppm 17 93 0 4.5 50 

Reactive S, ppm 20 90 0 18 100 

Flash Point, C 34 76 60 125 100 

Oil and Grease, vol% 23 87 0 7.4 5 

Total Organic Carbon, vol% 21 89 0 53 10 

Specific Gravity 43 67 1.1 1.26 1.6 

BTU Content, BTU/lb 27 83 10 18,200 2,000 

Aqueous Liquid, % 53 57 0 6.7 90 

Organic Liquid, % 49 61 0 2.4 5 

Solid, % 83 27 10 93 100 

Particle > 60 mm, % 26 84 0 12 100 

Particle 1-60 mm, % 26 84 0 40 60 

Particle 100 ~m-1 mm, % 26 84 0 29 100 

Particle 10-100 JLm, % 25 85 0 19 0 

Particle < 10 ~m, % 24 86 0 13 0 

Mean Particle diameter, 12 97 0 &,545 500 
microns 

The collected samples are expected to be representative of off-spec product and fines 
generated in the industry. Both fmes from delayed coking and off-spec product from fluid 
coking were collected. These are the only two processes identified that generate the residual 
of concern. No samples of off-spec coke from delayed coking were collected; however, the 
composition differences between coke, fines, and off-spec coke are expected to be small 
because all are generated from the same coking drum. 

All six samples were analyzed for total and TCLP levels of volatiles, semivolatiles, 
and metals. None of the TCLP extracts of any of the analyzed constituents exceeded 
corresponding regulatory levels. No samples were analyzed for any other characteristics 
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(i.e., ignitability, corrosivity, reactivity); these samples were nut expected tu exhibit lhese 
characteristics. A summary of the results is presented in Table 3.7.6. Only constituents 
detected in at least one sample are shown in this table. 

Table 3.7.5. Off-spec Product and Fmes from Thermal Processes 
Record Sampling Locations 

Sample number Facility Description: Type of Generating Unit 

R6-TP-Ol Shell, Norco, LA Fines from delayed coking, from water 
settling 

RBA·TP-01 Amoco, Texas City, Fines from delayed coking, from water 
TX settling 

R3B-TP-Ol Exxon, Billings, MT Off-spec product from fluid coking 
("chunky coke") 

Rll-TP-01 ARCO, Ferndale, WA Fines from delayed coking, from 
product conveyer dust collection 

R12-TP-Ol Texaco, Anacortes, Fines from delayed coking, from water 
WA settling 

R14-TP-Ol BP, Toledo, OH Fines from delayed coking, from spills 
collected in dumpster 

3.7.2.4 Source Reduction 

Some pollution prevention measures in the industry's delayed coking unit concern how 
to generate more, not less, of this residual. This is because most refineries blend their fines 
with their coke product for sale. In these cases, efforts include ways to keep the fines 
contained to the unit for ultimate recovery by mixing with coke product. These efforts 
include modifying drains or improving operations to limit the amount of fines in the water 
ultimately discharged to the wastewater treatment system. These fines can be collected with 
the product. 
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Table 3.7.'- Residual Charaeterizatioa Data for 
011'-spee Produet and Fiaes from Thermal Processes 

QQ% Conhde!lOIII 
VdltileOrganb- MethOO tnaoAJ.4Jikg Interval 

CASN<J. Re-lP-01 flM-rP-01 R11-TP-01 fU2-TP-01 Rl4- TP-<n A38- TP-01 Average Cor1c Maximum Cone Std Oe11 Upper llmd. Comm01nla ,., .... 1143> < • < 25 1,500 < ... < .. < 025 407 1,500 .. , 821 n-Butyi:Jenz:me 104511 < 5 ""< ••• 2,200 J .. < 025 503 2,200 8"" 1,0011 
Ethybtlnzen. 10041<1 < 5J 25 < 825 J 810 < .. < 025 352 810 373 571 
p-laopropyltokaw ... ,. < 5J 38 < 1125 J 1,000 < .. < 025 - 1,000 <22 ... 
n-Propybenr:en. 103851 < 5< •• < 1125 J 1,200 < .. < ... 417 1,200 ... "' T-.o 1MU3 < 5 J 10 2,800 < 025< •• < 025 083 2,800 1,07~ 1,333 
1,2,,.-T~ ...... < 5 270 < 1125 8,200 .. < 025 1,331 8,200 3,22g 3,571 
1,3,5-T~ 108878 < 5 140 < ... 2,QOO J ,., < 025 721 2,000 1,104 1,380 
o-Xyltlna ... ,. < • 113 < ... 2,500 < .. < ... ... 2,500 051 1,211 
m,p-X- 1(U83/1 < 5 .. 1,000 3,200 < .. < 025 024 3,200 1.211 t,~) 

Nophl- 011103 < • 270 1,400 3,800 1T < 025 1,030 3,800 1,<450 1,..,. 

Q()%Con~ 

TctP Vo6&Uie01ge;nk:a- M«hc:da 1311ard 12eoA~ lnt .... l 
CAS No. Re-lP-01 RM-TP-01 RU-lP-01 ~12-TP-01 R14-lP-01 R38- Tf'-01 AYetlt.QilConc Maximum Cone St>Dov Uppfi'""' CoiTIJ'Jl6ntll --- I '"""'I < ""I< .. , < ' .. ,8 ~~s 2001JB .. 1 1401 ... 1 1:1 2221 .... ..,.ethy,_ ,...,. < 00< 

"" < 
00< 250 < 50 83 250 13:1 

!;10% Confidenoi 
~OiljlSnk::a- M«ttad827tB~g tnterwl 

CAB No. R&-lP-01 RM-TP-01 Rt1- TP-Ot ~12-TP-01 R14-W-<n R38- TP-01 Awfllge Cone Mcudnum Cooc St>Dov llpPMllmli Commenb - ..... < 825 < 4.125 < 1,000 11,000 < ... < 105 2,005 tt,OOO 4,1GJ 5,500 - 120121 UKlO J 2,700 J t,400 J G,400 J 1,000 < 105 2,8G1 ..... 3,300 ..... 
Benz(e)llnltvac.rw ..... 28.000 0,700 15,000 J 10,000 10,000 < 105 lt,Q78 28,000 Q,208 17.526 ..... ........,..,..,_ NA 2&,000 J ...... 10,000 J 5,100 ..... < 105 Q,D28 20,000 ill,811 14,P40 -h . ._.. tlil124:i 21000 18,000 e,400 J ..... ..... < 1!15 ..... 21,000 0,5311 I<I,..S7 
Bonzo__. ...... 33.000 13,000 D,400 J 1,000 7,200 < 105 II,G28 33,000 1t,27Qi 16,.42-4 
00.(2-~~-~· t178t1 < 825< 4,125 87,000 < 5,157 < ... < 105 16,:MG 87,000 34,070 37,2,fil 

Cotbozolo ..... 0000< 8,250 J 2,400 J 5,000 < ..... < 330 3,258 0,000 2,055 5,07(1 
e~vy .... 21ao1; 05000 11,000 37,000 15,000 10,000 < 105 2<1.,028 115,000 23,37e. 36,113 
OO.rv(a,h .. Jihtaoane 53703 t•ooo J 3,000 a,eoo J 2-,II!KJO < ... < 105 ..... 14,000 5,154. 1,037 
Dlbenzoluran 1 ..... < 825< 4,ta5 < 1,030 J 8,400 < ... < 105 ..... 0,400 2,475 3,120 
7,12-~~ta}enltmC:.ne 57D7e < 825< 4,126 < 1,030 < 6,157 J t;200 < 105 1105 1,200 ... 1,17/J ,......,_ ....... !lOOO < 4,125 J 2,000 J 4,300 J 1,200 < 105 2,505 4,300 1,700 3,500 

'"""""" 30131 J 000 < -4,125 < 1,030 14.000 J 550 < 105 3,402 1<1.,000 5,354 ..... 
!ndeno(1,2,3-c:d)pyNM 103300 UOOJ 3,000 2,700 < 5,157 < ""' < 105 3,008 0,200 2,350 4,42r ...... _ ..... 10,000 J 7,500 4,700 58,000 3,100 < 1115 !3,1i11 50,000 21,847 27,088 
l'y1w1o "'""""" 27,000 14,000 5,000 14,000 4,700 < 1115 IO,Dt1 27,000 0,504 115,M 
t -Mel~lnllphlhll.lerwt 00120 J IMIOJ ..... J ... 68,000 J 1,100 < 330 10,85& 50,000 23,1-4-4 24,6().0 

2-Methflnllpldhlt.lline o1s1e 3,400 J 0,200 J 1,800 80,000 3,1100 < 105 17,154 80,000 35,03<1 ...... 
2-Met~- 335132• 25,000 J 11,000 47,000 24,000 8,200 < 330 1\1,422 .7,000 te.«7 2"',33:. 
NeptlthltiM.e 01200 3,100 J 2,1100 J 1,000 12,000 J 1,1100 < 105 3,tlt1 12,000 -4,2-42 a,tei 
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OFF-SP£CPROQUCT and ANES from THERMAL PROCESS 

TCI.P Semi¥okltile0rganics - Netha:Js 13111!100 627W jiJ/I.. 
CAS No. RO-TP-Cit ABA- TP-01 R11-TP-01 RU-TP-01 R14-TP-01 R36-TP-{•1 Av~ Cone Me.w.1rmuoCooc 

84742 Ja ,. < 00 J 20 J 50< 50< "' ., 50 ..... ' !il< 50 J 13 < 50< 50 < "' 13 13 
50328 < 9)< 50 J 10 < 50< 50< "' 10 10 

1t7817 < !il 230 J8 •• J 20< 50 < "' 75 230 
2180tD < !il< 50 J 35< 50< 50 < "' 35 35 

3361324 < 100 < 100 J 15 < 100 < 100 < 100 15 15 ..... < 100 < 100 < 100 J 21 < 100 < ICO 21 21 
D1670 < 50< 50 < 50J 23 < 50 < "' 23 23 ...... J • 11< 50 < 50< 50< .. < "' 17 11 

TcMIMetaa- Mel!hoda eoto,10a0. 7<t21,7 .. ro. 7•7t,and 7841 mgikg 
CAll No. Re-TP-01 R8A.-TP-DI Ru-TP-01 R1:!-TP-Ot At•-TP-01 R3B- w-et Avwa~Conc Maximum Cone ,....,. .. 17.0 < 20.0 130.0 < 20.0 < 200 ... t30.0 
7..ol73 < I < 1.0 < 1.0 3. < LO < 10 1.3 3.0 , ...... < 2.5< 2.5 < 2.5 13-.0 5.1 < 25 4.7 t3.0 ·- 230.D 110.0 .... 000.0 370.0 < 100 275.0 000.0 
7-1 ••• 0.8 < 0.3 1.1 3.7 < 0.3 1.5 3.7 , ...... < 1.5 < 1.5< 1.5 7.0 < f.5 < I~ ••• 1.0 ·-· < 0.05 < .... ...... 0.11 < 0.05 < 005 o.oe 0.11 

'"""""" .... 12.0 ..... 16.0 120.D ·~ 30.3 120.0 
11110 ... < 0.5 < ••• 1.4 < 0.5 < 0.5 < ·~ 0.7 ... , ....... OUt 11>.0 ttO.O 71.0 310.-D 280 , ... 310.0 ·- 1.0 7.5 ••• 20.0 t3.0 < 2.0 ... 20.0 

TctP Melala- M•ha:la131t,mto,10eG, 742'1, 7410, 7471,and 7841 fYii"l 
CAll No. RO-TP-01 R8A-lP-Ot R11-TP-OI AU-TP-01 fU4-TP-01 R38-TP-Ct AverageConc MaximumConc ·-r ol ... I< ·~I 'T OMI < 0501 

... , ... , 7-e:JUWt < 0.015 < 0.[)16 < 0.015 < 0.015 0.03 ' OOJS 0.02 0.03 
7.Qgl7e 0.000334 Oll00378 0.000588 O.D00308< ..... 0.000300 0.000401 0.000588 ,_ .... 0.31 0.74 0.37 0.30 < 0.1() .... 0.75 

c..,....,.,.., 
o.tectlon linita ur-1• than the higheat d8tet:ted ~lon ate ududed Iran the ce.lculalons. 
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,._, 
8 
J 
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3.8 LIQUID TREATING 

3.8.1 Process Description 

Liquid treating processes, for the purposes of this investigation, are synonymous with 
caustic treating. The purpose of caustic treating is to remove sulfur compounds such as 
mercaptans, H2S, and phenolic sulfur compounds. Caustic treating of FCC fractions also 
removes cresylic acids, while treating jet fuel derived from certain crudes (such as some 
Delta, Venezuelan, Russian crudes) also removes naphthenic acids. Liquid treating consists 
of the countercurrent flow of the untreated light distillate with a solution of 5 to 20 percent 
caustic. The caustic can be regenerated to a certain degree by steam stripping or air 
contacting. In addition to regeneration, make-up caustic is required to maintain the 
effectiveness of the system. Figure 3. 8.1 provides a generic process flow diagram for H2S04 

alkylation. The industry also employs oxidative caustic treating, which converts mercaptans 
to disulfides (which remain in the treated product) (McKetta). 

Figure 3.8.1. Liquid Treating Process Flow Diagram 

Untreated JP-4 

l 
Spent Caustic 
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3.8.2 Spent Caustic - Residual 14 

3.8.2.1 Description 

A slip stream of spent caustic is continuously drawn off the caustic treater and 
replaced with fresh caustic to maintain caustic strength of 5 to 20 percent. The spent caustic 
is either sent off site via Lanker truck, railcar, or barge to Merichem for reclamation, dis
charged to the refinery's wastewater treatment system (sometimes for pH control), or reused 
in some way in the refinery's processes (e.g., FCC wet gas scrubbers, recovery of ammonia 
in sour water systems, makeup for desalter water, or reuse in a treating unit). 

The spent caustic exhibits the RCRA characteristic for corrosivity. Currently, 54 
facilities reported managing their spent caustic as hazardous, reporting primarily corrosivity, 
but also ignitability, reactivity and TC benzene. Over 64,000 MT of the caustic were 
reported as hazardous. This number may have been significantly higher except for the 
industry's practice to manage spent caustic sent to Merichem as a refinery by-product rather 
than a spent material. In addition, Merichem actively encourages refineries not to manifest 
their caustics destined for Merichem. 

3.8.2.2 Generation and Manaaement 

The §3007 questioMaire responses indicated 917,656 MT of spent caustic were 
generated in 1992. Re•idnals were assigned to be "spent caustic from liquid trE'.ating" if they 
were assigned a residual identification code of "spent caustic, which corresponds to residual 
code 04-A in Section Vll.2 of the questioMaire. Caustic from the HF alkylation process, 
and other residuals on a case-by-case basis, were eliminated from this assignment upon 
determination that the caustic was not used in a liquid treating operation. In this industry 
study, spent caustic is the second largest-volume waste being examined. Table 3.8.1 
provides a description of the total quantity generated, number of streams reported, number of 
unreported volumes, and average and 90th percentile volumes. 
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Table 3.8.1. Generation Statistics for Spent Caustic from Liquid Treating 

Final Management #of #with Total Average 90th% 
Srrea.m.s Unreported Volume Volume Volume 

Volume (M.T) (M.T) (MT) 

Storage in a tank 398 36 534,505,3 1,342,98 2,426 

Discharge to WWTP; discharge to 196 31 246,356.6 1,257 3,989 
surface waters; discharge to publically 
UI" privately owucd treatment work:s 

Disposal in onsite or offsite underground 20 1 11,731.1 586.56 952.5 
injection well' . 
Disposal onsite surface impoundment 2 0 616.8 308.4 596 

Other discharge or disposal offsite 2 0 1,600 800 800 
--·· ._,, ____ ._ ~ 

Offsite incineration 1 0 144.6 144.6 144.6 

On-site industrial furnace I 0 791 791 791 
-- --~~.~ 

Neutralization 24 1 21,631.5 901.31 1,184 

Transfer to another petroleum refinery 5 0 284.1 56.82 147 

Transfer to a paper mill 6 0 5,599.41 933.24 3,120 

Transfer of caustic for reclamation 200 8 450,684 2,253.42 4,649 

pH control 10 0 2,211.3 221.13 668.5 

Ammonia recovery 2 0 174.8 87.4 165.7 

Recycle in FCC wet gas scrubber 2 0 36,209 18,104.5 36,000 

Recovery in sulfur plant 2 0 40 20 20 

Reuse as desalter water 3 0 904.6 301.53 560 

Recovery as pH buffer at WWTP 27 11 21,6!5.58 800.58 3,173 

Reuse onsite in a caustic treater 20 0 13,605.12 680.26 2,425 

Onsite caustic regeneration 17 5 96,929.5 5,701.74 30,000 

Other misc. recycling, recovery, 7 0 2,091.8 298.83 900 
reclamation 

Total spent caustic' 630 82 917,655.8 11,456.6 3,000 

1 Additional miscellaneous non-final manaaement practices were reported, accounting for less than 0.5 percent 
of the total residual volume. Totals do not add due to possible double counting of interim management steps 
(i.e., storage, then neutralization, then discharge to WWTP), 
2 Three facilities have onsite injection wells: 2 have Class I wells, 1 did not report in the §3007 survey. Seven 
facilities send waste to four offsite injection wells: 2 are Class I wells, 2 did not provide data in §3007 survey, 

,, 
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The RCRA §3007 questionnaire showed that U1e majority of spent caustic is stored in 
tanks prior to management at the wastewater treatment plant or at Merichem. Merichem 
uses the cresylic and naphthenic caustics as raw materials (and often purchases these caustics 
fmm U1e refineries) in specially ..:hemicals manufacturing processes. Their products include a 
wide range of cresylic and naphthenic acids. Merichem also uses sulfidic caustics as 
reagents in their processes, but does not typically pay the refineries for these caustics. In 
addition, Merichem serves as a caustic broker between retineries and paper mills who can 
use certain sulfidic caustics as a substitute for sodium hydroxide, sodium hydrosulfide, 
sodium sulfide, or sulfur. 

The residual caustic value of the spent caustic is used at some refineries in units where 
pH control is useful, including desalters, sour water strippers, ammonia control, and wet 
scrubbers, as well as in the wastewater treatment facilities. A summary of EPA's reasoning 
in selecting pathways for quantitative risk assessment modeling is presented in Table 3.8.2. 

Given the aqueous nature of the residual and typical management practices, the 
Agency determined that the risk assessment should model tank storage. Table 3.8.3 
characterizes the tanks reported to mana~:;e spent caustics in the §3007 questionnaires_ Tahle 
3.8.4 provides the volume information used to perform the risk assessment. 

The Agency performed a screening analysis to determine the effect of spent caustic on 
contaminant concentrations in aggressive biological treatment (ABT) sludges at petroleum 
refining facilities. The analysis was. performed by: 

• determining the volume of spent caustic discharged to onsite WWTPs, 

• determining the average total volume of wastewater discharged to a wastewater 
treatment facility at a petroleum rermery, 

• calculate the proportion of total wastewater volume that is represented by the 
spent caustic wastestream, 

• establish which contaminants occur in wastewater treatment sludges from 
ABT, establishing which of these contaminants also occur in the spent caustic 
and focusing the evaluation on these contaminants, and 

• apply the dilution factor calculated in Step 3 to the concentration of 
contaminants in wastewater treatment sludges from ABT to determine the 
concentration attributed to the spent caustic. (This step assumes that 
contaminant concentration in the non-spent caustic portion of the wastewater 
input are equivalent to the concentrations in the spent caustic wastestream.) 

The volume of spent caustic discharged to onsite WWTPs was provided in responses 
to the §3007 survey. The concentration of contaminants detected in the spent caustic were 
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uelennined through EPA's sampling and analysis. The results of the analysis showed a spent 
caustic dilution factor of approximately 2.5 percent. 

Table 3.8.2. Selection of Risk Assessment Modeling Scenario: 
Spent Caustic from Liquid Treating 

Waste Basis for Consideration in Risk Assessment 

Storage in a tank Modeled 

Discharge to WWTP; discharge to Not modeled due to coverage of existing sludge listings, the 
surface waters; discharge to POTW exempt status of effluent discharges, the benzene NESHAPs, the 

Discharge to onsite WWTP 
MACT standard..: for volatile P.missions, and the proposed LDR 
Phase ill and IV rulemaldngs. 

Discharge to onsite WWTP; ultimate 
Nl'nFS discharge 

Offsite incineration Not modeled, Subtitle C incineration 

Ren~ nn_.:.:ite: 1n a. l'!An.<:tlc tt"'!AW Nnt ,..,.!eled, exempt mmagement practice 

Transfer of caustic for reclamation Not modeled, exempt management practice 

Discharge to offsite privately-owned Not modeled, covered hy existing regulations 
wastewater treatment works 

Disposal in onsite or offsite Not modeled, covered by existing regulations and LOR Phase III 
undcrgro\lad Wj~tiou well 

Disposal onsite surface impoundment Not modeled, covered by existing regulations and LOR Phase III 

Onsito industrial fi.mw;c Not modeled; relatively omall volu""' ooly reported at one facility 
out of 630 streams; unlikely to cause emissions concerns 

Recycle in FCC wet gas scrubber Not modeled, exempt management practice 

Recovery in sulfur plant Not modeled, exempt management practice 

Reuse as desalter water Not modeled, exempt management practice 

Recovery as pH buffer at WWTP Not modeled, exempt due to use as an ingredient or reagent 

Transfer to a paper mill 
substitute (26l.2(e)) 

Transfer to another petroleum Not modeled, exempt management practice 
refinery 

Onsite caustic regeneration Not modeled, exeropt management practice 

The Agency considered whether there was a need to conduct a risk assessment of the 
wastewater treatment system, but determined that the combinations of the existing F and K 
sludge listings, the Benzene NESHAPs, and, because of the corrosive characteristic of this 
waste, the LDR Program's Phase 111 and Phase IV rulema.kings would address any residual 
risk associated with spent caustics mixed with all other refinery wastewaters (and subsequent
ly significantly diluted to less than 3% of original concentrations). Similarly, the Agency 
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determined that risks associated with underground inJection would be ade'juately addressed 
by the Phase ill rulemakings. 

3.8.2.3 Characterization 

Two sources of residual characterization were developed during the industry study: 

• Table 3. 8.5 summarizes the physical properties of the tank sludge as reported 
in Section VII. A of the § 3007 survey. 

• Six record samples of spent caustics were collected and analyzed by EPA. 
These samples represent the three major types of spent caustics generated by 
the industry and are summarized in Table 3.8.6. 

All the samples collected are believed to be representative of spent caustic as 
generated by the petroleum refining industry. Sulfidic caustics are the most commonly 
generated (as reported in the survey), followed by cresylic, and, in smallest quantities, 
naphthenic caustics. The sample profile reflects this distribution. Table 3.8. 7 provides a 
summary of the characterization data collected under this sampling effort. 

Table 3.8.3. Spent Caustic Tank Characterization 

Parameters #Reporting "Yes" # Reporting "No" 

Tank Covered? 15 140 

Secondary Containment? 108 47 

Volume Statistics (MT): # ofRC: 150 
# of Unreported values: 5 
Mean volume: 381,821 
Maximum Volume: 10,722,810 
lOth Percentile: 8,400 
50th Percentile: 42,150 
90th Percentile: 860,000 

Table 3.8.4. Management Practices Targeted Cor Risk Assessment 

Spent Caustics from Liquid Treating 

Panmeten #of #of 
Fac.. RC 

Storage in Tank ... 398 
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Table 3.8.5. Spent Caustic Physical Properties 

Properties # of #of lOth% Mean 90th% 
RC Unreported 

Values 

pH 392 316 10 11.92 14 

Reactive CN, ppm 70 637 0 24.27 110 

Reactive S, ppm 111 596 5 11,546 24,000 

Flash Point, oc 105 602 0 245.3 98.9 

Oil and Grease, vol% 126 581 0 1.93 5 

Total Organic Carbon, vol% 97 610 0 7.6 22 

Vapor Pressure, mm Hg 64 643 0.1 13* 50 

Viscosity, lblft-sec 48 6.59 0 1.48 10 

Specific Gravity 322 386 1.02 1.16 1.3 

BTU Content, BTU/lb 62 645 0 747.6 1,000 

BOD, mg/L 52 655 0 12,553 25,000 

COD, mg/L 54 653 0 47,993 200,000 

Aqueous Liquid, % 513 195 90 94.36 100 

Organic Liquid, % 370 338 0 4.13 5 

Solid, % 369 339 0 2.29 1.5 

• Used the 50th percentile because the arithmetic mean was higher than the 90th percentile due to an erroneous data 
point. 
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Table 3.8.6. Spent Caustic Record Sampling Locations 

Sample Number Facility DPSr.ription 

R3-LT-01 Exxon, Billings, MT Tank sampled, concentrated cresylic caustic 

R3-LT-02 Exxon, Billings, MT Tank sampled, concentrated sulfidic caustic 

R6-LT-Ol Shell, Norco, LA Naphthenic caustic from treating gas oil 
and kero 

R13-LT-01 Shell, Deer Park, TX Sulfidic caustic 

R12-LT-Ol Texaco, Anacortes, W A Cresylic caustic 

R22B-LT-Ol Star, Port Arthur, TX 

3.8.2.4 Source Rec!uction 

The primary purpose of liquid 
treating is the removal of sulfur 
compounds. The industry has several 
established technological options that 
generate significantly less residual than 
liquid treating (but require significant 
capital expenditure). Hydrotreating 
technologies remove sulfur compounds 
and generate residuals (spent catalyst) 
only upon unit turnaround every 2 to 5 
years. Oxidative caustic treating 

Sulfidic caustic from H2S04 alkylation 

Ind!!Sq-y sppi;ces ilJdicate tJiat tlle Ag!)hc;Y1~ . 
···ill~estigationof. s~t~llStics·for.·.potentiii.• 

· · !is~~J lJ'!S inf111en~ l!Qme S'?rporatipns to 
•.9Qm!Jiit r~~· p.1 replac;ipgt!l¢ir 

~t~~1tl <la!!Stic ~f¥!g .9~~·Wt1l••········ ····•······ .. · ....... . hydtotreating.and···oxidative• .. caustictreatingta•·. . ·. · .......... · · ..... · ... · .. , ~~~ill~~~.!~ 'Yi¥>¥ / 

generates much smaller amounts of spent caustic because the sulfur compounds are converted 
to disulfide oils, which remain in the treated hydrocarbon stream rather than accumulating in 
the caustic. 

Merichem and the paper industry provide recovery opportunities for spent caustics, 
allowing for the recovery of the cresylic and naphthenic acids and the sulfur content of the 
spent caustics. 
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3.9 H,S REMOVAL AND SULFUR COMPLEX 

3.9.1 Process Description 

All crude oil contains sulfur, which must be removed at various points of the refining 
process. The predominant technique for treating light petroleum gases is (1) amine scrubbing 
followed by (2) recovery of t:!emental sulfur in a Claus unit followed by (3) final sulfur 
removal in a tail gas unit. This dominance is shown in Table 3.9.1, which presents the 
sulfur complex/removal processes reported in the RCRA §3007 questionnaire. 

Table 3.9.1. Sulfur Removal Technologies Reported in RCRA §3007 
Que~stionnaire 

Technique Number of Percentage of 
Facilities Facilities' 

Amine-based sulfur removal 106 86 

Claus sulfur recovery' 101 82 

Other sulfur removal or recovery 16 13 

SCO~-type tail gas unit 5()3 41 

Other tail gas treating unit 1~ 15 
c ·---

1 Percentage of the 123 facilities reporting any sulfur removal/complex technique. 
' Note that more facilities perform sulfur removal than perform sulfur recovery. Some refineries ship their H,s. 
containing -.mine offsitc to auothor .uca.rby refwery, 
' Only 47 facilities were coded to hive SCO"f$-like units in the database, but closer examination revealed that 3 
additional facilities with 'other systems• really bed SCO"f$-liko units. 

Caustic or water is often used in conjunction with, or instead of, amine solution to 
remove sulfur, particularly for liquid petroleum fractions. These processes, however, are 
generally not considered sulfur removal processes because either (1) the sulfur is not further 
complexed from these solutions (i.e., is not removed from the solution), or (2) if removed, it 
occurs in a sour water stripper which is in the domain of the facility's wastewater treatment 
system. Such processes are considered to be liquid treating with caustic, which is di:scussed 
in Section 3. 8. 

3.9.1.1 Amine Scrubbing 

A typical process flow diagram for an amine scrubbing system is shown in Figure 
3.9.1. The purpose of the unit is to remove H2S from refinery fuel gas for economical 
downstream recovery. Fuel gas from the refinery is fed to a countercurrent absorber with a 
25 to 30 percent aqueous solution of amine such as monoethanolamine (MEA), 
diethanolarnine (DEA), or methyldiethanolarnine (MDEA). The H2S reacts with the amine 
solution to form a complex, "rich" amine. Typically, a refinery will have several absorbers 
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located throughout the refinery depending on the location of service. These "rich • streams 
are combined and sent to a common location at the sulfur plant where the H2S is stripped 
from the amine in the reverse reaction. The "lean" amine is recycled back to the absorbers. 

Figure 3.9.1. Simplified Flow Diagram of the Amine Sulfur Removal Process 

Swwtened. C.. 

3.9.1.2 Claus Unjt 

fi.JSio 
.-------. .. aaua Unit 

The H2S from the sulfur removal unit is most often recovered in a Claus system as · 
elemental sulfur. A typical_process flow diagram for a Claus unit is shown in Figure 3.9.2. 
In a Claus unit, the H2S is partially combusted with air to form a mixture of SO:! and H2S. It 
then passes through a reactor containing activated alumina catalyst to form sulfur by the 
following endothermic reaction: 

The reaction is typically conducted at atmospheric pressure. The resulting sulfur is 
condensed to its molten state, drained to a storage pit, and reheated. The typical Claus unit 
consists of three such reactor/condenser/reheaters to achieve an overall sulfur removal yield 
of 90 to 95 percent. At this point the tail gas can be (1) combusted and released to the 
atmosphere, or (2} sent to a tail gas unit to achieve greater sulfur reduction. 
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Figure 3.9.2. Simplified Flow Diagram of the Claus Sulfur Recovery Process 
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The most common type of tail gas unit is the Shell Claus Offgas Treating (SCOT~') 
unit. A typical process flow diagram for a SC()TI unit is shown in Figure 3.9.3. Its 
purpose is to recover and recycle sulfur, in the form of H2S, to the Claus unit. Tail gas 
(containing H2S and SQJ is contacted with H2 and reduced in a hydrotreating reactor to form 
H2S and H20. The catalyst is typically cobalt/molybdenum on alumina. The gas is then 
cooled in a water contactor. The water circulates in the column and requires periodic 
purging due to impurity buildup; filters may be used to control levels of particulates or 
impurities in the circulating water. 

The H2S containing gas enters an amine absorber which is typically in a system 
segregated from the other refinery amine systems discussed above. The purpose of this is 
two-fold: (1) the tail gas frequently uses a different amine than the rest of the plant, such as 
MDEA or diisopropyl amine (DIP A), and (2) the tail gas is frequently cleaner than the 
refinery fuel gu (in regard to contaminants) and segregation of the systems reduces 
maintenance requirements for the SCOT~' unit. Amines chosen for use in the tail gas system 
tend to be more selective for H2S and are not affected by the high levels of CO:z in the 
off gas. 

The "rich • amine generated from this step is desorbed in a stripper; the lean amine is 
recirculated while the liberated H2S is sent to the Claus unit. Particulate filters are some
times used to remove contaminants from lean amine. 
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Figure 3.9.3. 
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Simplified Flow Diagram of the SCOT" Tail Gas Sulfur Removal Process 
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Although the amine/Claus/SCOT" train described above is the dominant system used 
in the industry, it is not exclusive. Some refineries, mostly small asphalt plants, do not 
require sulfur removal processes at all, while others use alternative technologies. In order of 
usage. the alternative processes are as follows: 

Sulfur Removal/Recovery Processes 

• Sodium hydrosulfide. Fuel gas containing H2S is contacted with sodium 
hydroxide in an absorption column. The resulting liquid is product sodium 
hydrosulfide (NaHS). 

• Iron chelate. Fuel gas containing H2S is contacted with iron chelate 
catalyst dissolved in solution. H,S is converted to elemental sulfur, 
which is recovered. 

• Stretford. Similar to iron chelate, except Stretford solution is used instead of 
iron chelate solution. 

• Ammonium thiosulfate. In this process, H2S is contacted with air to form 
S02• The S02 is contacted with ammonia in a series of absorption column to 
produce ammonium thiosulfate for offsite sale. (Kirk-Othmer, 1983) 

• Hyperion. Fuel gas is contacted over a solid catalyst to form elemental sulfur. 
The sulfur is collected and sold. The catalyst is comprised of iron and 
naphthoquinonsulfonic acid. 
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• Sulfatreat. The Sulfatreat material is a black granular solid powder; the H2S 
forms a chemical bond with the solid. When the bed reaches capacity, the 
Sulfatreat solids are removed and replaced with fresh material. The sulfur is 
not recovered. 

• A few facilities report sour water stripping, which is not part of the scope of 
the survey and is like! y to cause severe underestimates of the actual number of 
sour water strippers in existence. 

• Hysulf. This process is under development by Marathon Oil Company. 
Hydrogen sulfide is contacted with a liquid quinone in an organic solvent such 
as n-methyl-2-pyrolidone (NMP), forming sulfur. The sulfur is removed and 
the quinone reacted to its original state, producing hydrogen gas (The National 
Environmental Journal, March/Apri11995). 

Tail Gas Processes 

• Beavon Stretford tail gas. A hydrotreating reactor converts S02 in the offgas 
to H2S. The H2S is contacted with Stretford solution (a mixture of vanadium 
salt, anthraquinone disulfonic acid, sodium carbonate, and sodium hydroxide), 
where it reacts to form elemental sulfur. The elemental sulfur is recovered 
and sold. 

• Caustic scrubbing. An indmmltur converts trace sulfur compounds in the 
offgas to S~. The gas is contacted with caustic which is sent to the 
wastewater treatment system. 

• Polyethylene glycol. Offgas from the Claus unit is contacted with this solution 
to generate an elemental sulfur product. Unlike the Beavon Stretford process, 
no hydrogenation reactor is used to convert S02 to H2S. (Kirk-Othmer, 1983) 

• Selectox. A hydrogenation reactor converts S02 in the offgas to H2S. A solid 
catalyst in a fixed bed reactor converts the H2S to elemental sulfur. The 
elemental sulfur is recovered and sold. (Hydrocarbon Processing, Apri11994). 

• Sulfite/Bisulfite Tail Gas Treating Unit. Following Claus reactors, an 
incinerator converts trace sulfur compounds to S~. The gas is contacted with 
sulfite solution in an absorber, where SO, reacts with the sulfite to produce a 
bisulfite solution. The gas is then emitted to the stack. The bisulfite is 
regenerated and liberated S02 is sent to the Claus units for recovery. (Kirk
Othmer, 1983) 
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3.9.2 Sludge from Sulfur Complex and H 2S Removal Facilities • Residual 15 

3.9.2.1 Description 

Impurities such as carbon dioxide can irreversibly react with the amine (forming heat 
stable salts) and interfere with system operation; rust particles can also form in the system. 
Heat stable salts also can contribute to corrosion by degrading to organic acids, and aiding in 
the formation of ferrous sulfide. Ferrous sulfide can also contribute to foaming in 
hydrocarbon/amine separators, resulting in the loss of amine in the hydrocarbon. 

For this reason, particulate or heat stable salt removal systems are common on the 
system's "lean" side. Control methods depend on the type of amine in use, the quality of the 
fuel gas being treated, economics, etc., and include particulate filters, activated carbon, 
diatomaceous earth, regeneration (reboiling), and caustic addition. All of these control 
methods, except caustic addition, generate residuals periodically (weekly to biannually), 
which are included in the scope of sulfur sludge. Filters and activated carbon require 
periodic replacement when spent; many facilities backwash the particulates from these filters 
to the sewer system to prolong the service life of the filters. In a regenerator, the 
amine/water is boiled off to leave a sludge containing heat stable salts and other corrosion 
products. Filters and activated carbon can be used for any system, while only low-boiling 
amine solutions such as MEA are effectively controlled with a reboiler. 

Sludge from the sulfur complex includes all sludges, filters, adsorbents, and other 
media used in a sulfur Iemoval system. Based on the above process descriptions in Section 
3.9, the following processes potentially generate sludge: 

• Amine-based sulfur removal (106 facilities) 
• Stretford-based sulfur removal (2 facilities) 
• Other miscellaneous sulfur removal processes (14 facilities) 
• SCOTI'·Iike tail gas treatment (~0 facilities) 
• Beavon-Stretford tail gas treatment (14 facilities) 
• Other miscellaneous tail gas treatment processes (~ facilities). 

Sludges or wastes from Claus units are 
generally limited to those generated during 
turnaround/maintenance activities. Such wastes 
were general! y classified as waste sulfur, a 
study residual, and were not part of the scope 
of sulfur sludge. In addition, amine that is 
discharged from the system is specifically 
excluded from the scope of • sulfur sludge." 
Instead, this residual is considered in the scope 
of off-spec treating solution from sulfur 
recovery, which is a study residual. 
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Approximately 2,446 MT of sulfur sludge generated in 1992 were identified as 
displaying hazardous characteristics. This is approximately 29 percent of the total quantity 
managed. 

3.9.2.2 Generation and Mana~:ement 

As discussed in Section 3.9.1, the amine sulfur removal process is the dominant sulfur 
removal process for gas streams used in the industry. The next most frequently used process 
is the Stretford sulfur removal/complex process. Sludges generated from the Stretford 
process will not be addressed by EPA in its decision-making because it is a small and distinct 
segment of the industry's sulfur removal capability. The remaining sulfur sludges are 
generated from the remaining types of processes discussed in Se.ction 3. 9 .1. 

Only sludges from the amine system were considered in the listing determination. 
Sludges from other processes, including the Stretford process, are specifically excluded 
because they are generated by far fewer facilities in much smaller quantities than the amine 
process sludges. Only 2 facilities reported generating sludge from the Stretford process 
compared to 103 facilities generating sludge from the non-Stretford process. 

Based on observations made during engineering site visits, interim management of the 
sludges sent to wastewater treatment includes contained vacuum trucks or discharge to the 
facility sewer system. All other interim management is conducted in open or closed drums 
or dumpsters. 

Ninety-four facilities reported generating a total quantity of 8,520 MT of this residual 
in 1992, according to the 1992 RCRA §3007 Questionnaire. Residuals were assigned to be 
"sulfur sludge" if they were assigned a residual identification code of "other process sludge· 
or "spent sorbent" and were ·generated from a sulfur complex or H~ removal process. 
These correspond to residual codes 02-D and 07, respectively, in Section vn.2 of the 
questionnaire and process code 15 in Section IV-l.C of the questionnaire. Sludges from the 
Stretford process were segregated on the basis of the generating unit: sludges originating 
from Stretford systems or Beavon-Stretford tail gas systems (corresponding to process codes 
15-B and 15-E, respectively), in Section IV-l.C of the questionnaire were included in this 
category. Based on the results of the questionnaire, approximately 106 facilities use amine in 
their refinery sulfur removal system or their tail gas sulfur removal system. The remainin2 
facilities likely do not generate sludges from their amine sulfur removal systems because they 
can control corrosion and particulates using methods other than ion/solids removal; caustic 
addition is an example of such a method. 

Table 3.9.2 provides a description of the quantity generated, number of streams 
reported, number of unreported volumes, and average and 90th percentile volumes. 
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Table 3.9.2. Generation Statistics for Non-Stretford Sulfur Sludge, 1992 

Final Management tl or tl with Total Average 90th% 
Streams unreported Volume Volume Volume 

volume (MT) (MT) (MT) 

Disposal offsite SubtitleD landfill 95 15 4,041 43 70 

Discharge to wastewater treatment 33 6 3,442 104 100" 

Onsite incineration• 3 I 197 66 192 

Disposal in onsite Subtitle D landfill 18 0 195 11 53 

Disposal offsite in Subtitle C landfill 54 9 149 3 3 

Offsite carbon regeneration IS 0 104 7 27 

Onsite land treatment 8 I 73 9 50 

Offsite land treatment 3 0 34 11 18 

Disposal in onsite Subtitle C landfill 13 I 29 2 4 

Offsite incineration 9 2 8 1 4 

Miscellaneous' IS 0 247 16 88 

TOTAL 266 35 8,520 32 40 

• Estimate 
1 Miscellaneous management includes: recycle to the process, offsite recycling, reuse (not specified if onsite or 
offsite). regeneration (not specified if oo.site or offsite), steazn stripping, onsite reoovery in wker, transfer to 

make a fuel, and offsite cleaning of reusable filter disc. 
' Two facilities: one with a Part B permit and the other uses a trash burner (refractory-lined pit) to bum refuse 
and non-hazardous process waste, 

Plausible management scenarios were chosen by EPA on which to perform the risk 
assessment model. The scenarios were chosen based on the "high potential exposure" 
disposal practices currently used, which negated the need for projecting hypothetical 
"plausible" mismanagement. Given the Agency's past experience with risk assessment 
modeling, the management practices summarized in Table 3.9.2 were reviewed to identify 
those practices likely to pose the greatest threats to human health and the environment. The 
selected management practices are: 

• Offsite Subtitle D landfilling (used for 47 percent of the total quantity of 
generated sludge). This scenario was chosen because it is used for a 
significant volume of waste and is expected to be a high potential exposure 
management method. An onsite monofill scenario was rejected because of the 
low quantity of residual generated at individual facilities. 
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Onsite Subtitle D landfilling (used for 2.3 percent of the total quantity of 
generated sludge). This scenario was chosen because it is expected to be a 
high potential exposure management method. An onsite monofill scenario was 
reJected because of the low quantity of residual generated at individual 
facilities. 

Onsite land treatment (used for 1 percent of the total quantity of generated 
sludge). This scenario was chosen because it was demonstrated to be in use 
and could be used by other facilities. 

Interim onsite storage. This scenario was chosen because all sludges could 
potentially be stored onsite in open containers prior to further management. 
The Agency observed during engineering site visits and sampling trips that 
sludge from sulfur complex operations is generated on a regular basis (e.g., 
weekly) and the Agency ohserve.d facilities that maintain storage areas on the 
process units for dumpsters used to accumulate filter cartridges. This practice 
also poses the potential for ongoing air emissions and was modeled in EPA's 
risk assessment. 

The sludges managed in wastewater treatment systems were not chosen for evaluation 
in the risk assessment because these sludges will settle out in the primary treatment steps and 
are already listed as hazardous. A summary of EPA's reasoning in selecting pathways for 
quantitative risk assessment modeling is presented in Table 3.9 .3. 

The characterization data for the management units and their underlying aquifers were 
collected in the §3007 survey. Table 3.9.4 provides a summary of the data for the targeted 
management practices used in the risk assessment for the sulfur sludges. 

3.9.2.3 Characterization 

Two sources of residual characterization were developed during the industry study: 

• Table 3.9.5 summarizes the physical properties of the tank sludge as reported 
in Section VII. A of the §3007 survey. 

• Five record samples of actual sludges were collected and analyzed by EPA. 
These samples represent the various types of sludges generated by the industry 
and are summari7.ed in Table 3.9.6. 
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Table 3.9.3. Selection of Risk Assessment Modeling Scenario: 
Non-Stretford Sulfur Sludge 

._,_,_ 

Final Management Basis for 

Disposal offsite Subtitle D landfill Modeled 

Discharge to wastewater treatment Not modeled. Sludge would settle out in and be 
captured by existing hazardous waste listings. 
W a.stcwatcr discharg~ is exempt. Air pathways 
controlled by Benzene NESHAPs. Impact on WWTP 
expected to be minimal due to small volume of waste 
in relation to the total volume of wastewater typically 
treated. Sediments would be further controlled by the 
Phase IV LDR standards when the sediments exhibit 
any of the characteristics. 

Onsite incineration Not modeled. Majority of waste is burned in Subtitle 
C permitted unit, no incremental risk to model. 
Balance of volume is much less than I 00 mt. 

Disposal in onsite Subtitle D landfill Modeled 

Disposal offsite in Subtitle C landfill Not modeled, already managed as hazardous - no 
incremental risk to control 

Offsite carbon regeneration Not modeled, exempt manajlement 

Onsite land treatment Modeled 

Offsite land treatment Modeled 

Disposal in onsite Subtitle C landfill ~ot modeled, already tnanajled as hazardous • no 
incremental risk to control 

Offsite incineration Not modeled, de minimis volume 

Miscellaneous' Not modeled, exempt management practices 

1 Miscellaneous management includes: recycle to the process, offsite recycling, reuse (not specified if onsite or 
offsite), regeneration (not specified if onsite or offsite), steam stripping, onsite recovery in coker, transfer to 
make a fuel, and offsite cleaning of reusable filter disc. 

Petroleum Refining Listing Determination 
Final Background Document 167 October 31, 1995 



Table 3.9.4. Management Practices Targeted for Risk Assessment 

Parameters #or #or # RC w/ Total lOtb ... 
Fac. RC unreported Volume Volume 

Volume (MT) (MT) 

Dumpster Storage - 15?. 6 4,1~6 -
Onsite and Offsite 50 113 15 4,236 -
Subtitle D Landfill'·' 

Onsite Landfill Characteristics 

Surface Area (acm) 0,46 

Remain~~.:".!'acity (thousand cu.yd,) 3.7 

Percent remaining capacity 0.7 

Total capacity (thousand cu.yd.) 7.3 

Number of strata in CQmpleted unit 0 

Deplh below gnde (ft) 0 

Height above grade (ft) 0 

# of Landfilla: 16 

Aquifer Information 

Deplh to Aquifer (ft) 8.5 

Distance to Private Well (ft) 2,500 

Population Using Privlle Well 1 

Distan"" to Publiv WoU (It) 7,000 

Population Using Public Well 1,500 

# of Aquifers: 15 

Soun:c: f.!l!l!i£ ~ 
Unreported 12 10 
UppcmlQ.tC I 2 
Lowermost 2 I 
Combination - 2 

Claooilication of Uppcnoost Aqui!or: 
Current or potential source of drinking wller (2) 
Not oonsidercd a potential source of drinking water (12) 
Unreported (I) 
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1 400 

7 23 
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Table 3.9.4. M:anagement Practices Targeted for Risk Assessment 

Parameters #of I nf # RC w/ Total lOth '14 50th '14 90th '14 
Fae. RC unreported Volume Volume Volume Volume 

Volume <Mn <Mn <Mn <Mn 

Offt~itc Land Treatment 3 J 0 34 - 10 1H.2 
Unit2.' 

Onsitc Land Treatment 6 8 I 73 - 2.25 so 
Un.it1

·' 

Chatacteristics 

Surface Area (acres) 4 16 lOS 

Depth of Incorporation (in) 6 10 12 

Amount Applied ( 1992 Mn' 2 IS2 10,190 

Methods of locorporation: Disking 8 
Subsurface Injection I 
Bulldozing I 

# of Land Treatment Unitt: 10 

Aquifer Information 

Deplh to Aquifer (ft) 15 21 97 

Distanoe to Private Well (ft) 2,000 s,soo 25,000 

Pop\llation Using Private Well u 0 1 

Distance to Public Well (ft) 15,000 15,000 15,000 

Population U$ing Publio Well 10,000 10,000 10,000 

# of Aquifers: 9 

Source~ Puh!ic Private 

Unreported 8 4 
Uppennost 1 2 
Lowennost 0 1 
Combination 0 2 

Classification of Uppennost Aquifer: 
Current or potential source of drinking water (3) 
Not considered a potential source of drinking water (5) 
Unreported (I) 

1 The nnmht!:r of onsit.e t.nd treatment units chan.eteri.:zed in Table 3.9.4 ia ,groatcr than indioatod in Table 3.9.2 whioh 
focuses only on volumes generated in 1992. Table 3.9.4 incorporates data from all onsite land treatment units receiving 
sludge in any year reported in the §3007 survey. 
1 Volumes represent the average volume of all wastes applied to the land treatment units accepting the non·Stretford sulfur 
sludge: and not just the sulfur sludge alone. 
' The 50th and 90th percentile were dctennined by using a management unit loading method (i.e., more than one waste 
stream may be disposed of in one management unit causing Ule 90th percentile number to actually be the sum of 2 or 3 
waste volumes). 
4 Models used the same input volumca for both on- and offsite SubtiUe D landfill "'cnarios. 
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Table 3.9.5. 

Properties 

pH 

Reactive CN, ppm 

Reactive S, ppm 

Flash Point, C 

Oil and Grease, vol% 

Total Organic Carbon, vol% 

Viscosity, lb/ft-sec 

Specific Gravity 

BTU Content, BTU/Ib 

Aqueous Liquid, % 

Organic Liquid, % 

Solid, % 

Particle > 60 mm, % 

Particle 1-60 mm, % 

Particle 100 p.m-1 mm, % 

Particle 10-100 p.m, % 
-----·---~-----~ 

Particle < 10 p.m, % 

Mean Particle diameter, microns 
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Sulfur Sludge Physical Properties 

# of #of lOth% 
RC Unreported 

Values 

183 235 4.5 

102 315 0 

134 283 0.05 

110 304 60 

66 349 0 

56 361 0 

3 414 0 

77 341 0.24 

35 382 1,900 

251 167 0 

222 196 0 

322 96 25 

101 317 0 

86 332 0 

75 343 0 

73 345 0 

70 348 0 

20 389 0 

170 

Mean 90th% 

7.9 10 

29 50 

1,347 500 

84 102 

2.1 7.5 

12.8 63.9 

0.02 0.07 

1.5 1.52 

8,000 12,700 

17.6 75 

3.1 7.5 

84.3 100 

78 100 

29 100 

8.1 30 

7.3 2 

0.5 0 

480 1,500 
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Rl-ME-01 Marathon Indianapolis, IN MEA, reclaimer bottoms 

R5 ME-02 Marathon, Garyville, LA MDEA, filter caJ.t.ridges 

R6-ME-01 Shell, Norco, LA DEA, filter cartridges 

Rl4-ME-Ol BP, Toledo, OH DEA, diatomaceous earth 

Rl8-ME-Ol Ashland, Canton, OH MEA, reclaimer bottoms 

All of the samples were taken from refinery amine systems and are believed to 
represent all sludges, sorbents, and fllter media generated from amine systems. No samples 
from the tail gas system units were collected. These residuals are expected to be cleaner 
because the feeds are cleaner. Therefore, the tail gas treating residuals are expected to 
exhibit levels of contaminants no higher than those found in the sampled residuals. 

Of the sludges characterized, all represent the physical or chemical removal of 
particulates from a slip stream of amine treating solution. Activated carbon is a frequently 
used sorption medium which was not sampled; the sampling results of other wastes are 
expected to represent this residual because similar contaminants are being removed. In 
addition, none of the sampled residuals were taken from the tail 2as treatinJ: section. 

An effective cross-section of the treating solutions used in refineries was represented 
in the sampling. The RCRA §3007 Questionnaire did not specifically request information on 
the type of amine solution used, but based on information supplied by some refineries and 
from engineering site visits, the solutions MEA and DEA are frequently used to treat 
refinery fuel gas while MDEA is used less frequently for this purpose. MDEA is frequently 
used in the SCOTI' tail gas unit. Diisopropanol amine (DIP A) is also used for treating. 

As discussed in Section 3.9.1, systems other than amine are used to remove sulfur 
from refinery fuel gas or tail gas. These include, but are not limited to, the Stretford 
process. These residuals were not represented by the sampling. As stated before, this listing 
determination focuses on the sludges from the amine treating process because it Is the most 
widely used system. 

All six samples were analyzed for total and TCLP levels of volatiles, semivolatiles, 
and metals. All samples were also analyzed for corrosivity, reactivity, ignitability, and total 
amines. None of the TCLP extracts of the analyzed samples exhibited levels of constituents 
in excess of their regulatory levels. One sample exhibited the characteristic of corrosivity, 
while two samples exhibited levels of releasable H2S in excess of 1,000 mg/kg. The two 
MEA reclaimer samples higher levels of iron can be attributed to a higher amount of 
concentrated corrosion products (rust and scale) in the sludge. A summary of the results is 
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presented in Table 3.9. 7. Only constituents detected in at least one sample are shown in this 
table. 

3.9.2.4 Source Reduction 

There are many opportunities to reduce the toxicity or volume of this residual. The 
primary reason sludges are generated is to remove impurities from the amine system to 
maintain satisfactory operation. Two immediate methods to reducing sludge volume are: (1) 
using a different amine that is less sensitive to the impurities, and (2) using different methods 
to control or remove these impurities that would generate less waste. 

As an example of the first method, many refineries use methyl diethanolamine 
(MDEA) instead of monoethanolamine (MEA) at the tail gas unit. MDEA is not as 
susceptible to the formation of heat stable salts and is amenable to regeneration. Using 
MDEA greatly reduces the amount of amine sludge generated by the tail gas unit. 

Examples to the second method include the following: 

• At least two facilities control heat stable salts in their MDEA amine treating 
system using .a proprietary caustic. With heat stable salt generation being 
controlled, the refineries do not have to use their cloth filters as much and thus 
can reduce the frequency of generation. Other facilities have mentioned the 
use of corrosion inhibitors to serve the same purpose. 

• Cloth cartridge filters are a common particulate control technique in the amine 
system. At least two facilities have replaced their cloth or cartridge filters 
with an etched metal mechanieal filter. The new filter requires less mainte
nance, reduces or eliminates the number of filter elements disposed of, and 
also conserves the quantity of amine in the system, as amine is no longer lost 
during the filter change-out procedure. 

• At least one facility using treating clay replaced this material with regenerative 
cartwn. The carbon can be regenerated onsite while the clay, presumably, 
could not be. 
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3.9.3 Catalyst from Su!Cur Complex and H,S Removal Facilities (Claus Catalyst) 
Residuall6 

3.9.3.1 Description 

Claus catalyst is a subset of the larger category of "catalyst from the sulfur complex 
and HzS removal facilities. • Sulfur catalyst includes all solid sulfur conversion catalyst used 
in a sulfur removal, recovery or tail gas unit. Liquid catalysts, such as Stretford solution, 
are not included in this scope but will instead be considered with treating solution from sulfur 
removal and complex opentions, a study residual. Based on the above process descriptions, 
the following processes use solid catalysts: 

• Alumina catalyst from Claus systems (86 facilities) 
• Hydrotreating catalyst from SCOT'-like units (50 facilities) 
• Hydrotreating catalyst from Beavon-Stretford tail gas treating units (14 

facilities). 
• Hyperion catalyst ( 1 facility) 
• Other tail gas catalyst ( 1 facility). 

Only alumina catalyst from Claus systems is included in the scope of this listing 
determination. Hydroprocessing catalyst from SCOT"-like, Beavon-Stretford, and Selectox 
systems is comprised of a combination of nickel and cobalt or molybdenum on alumina and 
is discussed in Section 3. 3. 4 with other hydroprocessing catalysts. The remaining two 
catalysts are unique to single facilities and because they are used at single facilities. they will 
not be considered further in this document. 

The Claus catalyst requires periodic 
replacement due to losses iq activity. It is 
generated during turnaround, approximat'ely 
every 1 to 3 years. Typically, the entire 
volume of catalyst is removed and placed in 
containers for off-site management; fn::sh 
catalyst is then loaded into the unit. 

Approximately 94 MT of Claus 
catalyst generated in 1992 were identified llli displaying huardous characteristics. This is 
approximately 2 percent of the total quantity managed. 
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3.9.3.2 Generation and Management 

Based on observations during engineering site visits and sampling events, interim 
management of the catalyst is conducted in roll-off bins or closed containers. Sixty-six 
facilities reported generating a total quantity of 3,819 MT of this residual in 1992, according 
to the 1992 RCRA §3007 Questionnaire. Residuals were assigned to be "Claus catalyst" if 
they were assigned a residual identification code of "spent solid catalyst• or "solid catalyst 
fmes" and were generated from a process identified as a Claus unit. These correspond to 
residual codes 03-A and 03-B, respectively, in Section VII.2of the questionnaire and process 
code 15-C in Section IV-l.C of the questionnaire. Catalyst from other units, such as \ail gas 
units and miscellaneous sulfur recovery units discussed in Section 3.9.3.1, are excluded. 
Quality assurance was conducted by ensuring that all Claus catalysts previously identified in 
the questionnaire (i.e., in Section V.B) were assigned in Section VII.2. Based on the results 
of the questionnaire, approximately 101 facilities have Claus reactors. Due to the infrequent 
generation of this residual, not all facilities with Claus units generated spent catalyst in 1992. 
However, 1992 is expected to be a typical year in regard to spent catalyst volume and 
management. Table 3.9.8 provides a description of the quantity generated, number of 
streams reported, number of zero volumes, and average and 90th percentile volumes. 

Table 3.9.8. Generation Statistics tor Claus Catalyst, 1992 

Final Management #of 
Streams 

Disposal in offsit:e 49 
Subtille D landfill 

Cement plant 14 

Disposal in onslte 12 
Subtitle D landfill 

Disposal offsit:e in 8 
Subtitle C landfill 

Offsite metal reclamation 6 

Disposal in onsite 1 
Subtitle C landfill 

Offsite land treatlllent 1 

Offsite incineration 1 

Rewo onaite catalyst 1 
support 

TOTAL 93 
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Plausible management scenarios were chosen by EPA on which to perform the risk 
assessment model. The scenarios were chosen based on the numerous "high potential 
exposure" disposal practices currently used which negated the need for projecting hypotheti
cal "plausible" mismanagement. Given the Agency's past experience with risk assessment 
modeling, the management practices summarized in Table 3.9.8 were reviewed to identify 
those practices likely to pose the greatest threats to human health and the environment. The 
selected management practice is: 

• Onsite Subtitle D landfilling (11 percent of the volume of this residual was 
managed using this method). An onsite monofill scenario was rejected because 
of the intermittent generation frequency, which is not typical of waste that 
tends to be monofilled. 

• Offsite Subtitle D landfilling (59 percent of the volume of this residual was 
managed using thh method). Risks from disposal in an offsite Subtitle D 
landfill were assessed because it was the predominant method used in 1992. 

A summary of EPA's reasoning in selecting pathways for quantitative risk assessment 
modeling is presented in Table 3.9.9. 

The characterization data for the management units and their underlying aquifers were 
collected in the §3007 survey. Table 3.9.10 provides a summary of the data for the targeted 
management practices used in the risk assessment for the Claus catalyst. 
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Table 3.9.9. Selection of Risk Assessment Scenario: Claus Catalyst 

Fmal Management 

Disposal in offsite Subtitle D landfill 

Cement plant 

Disposal in onsite Subtitle D landflll 

Disposal offsite in Subtitle C landfill 

Offsite metal reclamation 

Disposal in onsite Subtitle C landfill 

Offsite land treatment 

Offsite incineration 

Reuse onsite catalyst support 

Petroleum Refinin& Listing De~ermlnation 
FiDal Background Document 

Basis for Consideration In Risk Assessment 

Modeled 

Not modeled, assumed small percentage of feed to 
cement kiln with very low levels of constituents of 
concern. Cement would tend to immobilize any 
trace metals present. 

Modeled . 

Not modeled, already managed as hazardous - no 
incremental risk to control 

Not modeled, see discussion of reclamation 
practices in Section 3.3.2 

Not modeled, already managed as hazardous • no 
incremental risk to control 

Not modeled, very rare practice, small volume 
unlikely to cause risk 

Not modeled, very rare practice, small volume 
unlike! y to cause risk 

Not modeled, de minimis volumes, exempt 
management practice 
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Table 3.9.10. Management Practices Targeted for Risk Assessment 

Parameters #of #of #RCw/ Total 10th '11. SOth '11. 90th '11. 
Fac. RC unreported Volume Volume Volume Volume 

Volume (MT) (MT) (MT) (MT) 

Onsite and Offsite 37 61 1 2,677 - 30 220 
SubtitleD Landfill'""' 

Onsite Landfill Characteristics 

Surface Atea (acres) 0.1 7 36 

Remaining capacity (thousand cu. yd.) 0.7 38 838 

Percent remaining capacity 0.7 9 80 

Total capacity (thousand cu. yd.) 2.0 83.7 840 

Number of strata in completed unit 1 10 208 

Depth below grade (ft) 3 12 25 

Height above grade (ft) 3 12 40 

# of Landfills: 17 

Aquifer Information 

Depth to Aquifer (ft) 6 16 166 

Distance to Private Well (ft) 1,000 5,280 26,400 

Population Using Private Well 1 2 10 

Distance to Public Well (ft) s ,000 14,525 58,000 
. 

Population Using Public Well 1,500 2,000 2,000 

# of Aquifers: 17 

Source: fl!l2l.i£ Private 
Unrepor!M 11. 11 
Uppermost 2 3 
Lowermost 3 1 
Combination - 2 

Classification of Uppermost Aquifer: 
Current or potential source of drinking water (3) 
Not considered a potential source of drinking water (14) 

1 The number of onsite landfills characterized in Table 3.9.10 is greater than indicated in Table 3.9.8 which 
focuses only on volumes generated in-1992. Table 3.9.10 incorporates data from all onsite landfills receiving 
catalyst in any year reported in the §3007 survey. 
2 The mean and 90th percentile were determined by using a management unit loading method (i.e., more than 
one waste stream may be disposed of in one management unit causing the 90th percentile number to actually be 
the sum of 2 or 3 waste volumes). 
' Models used the same input volume:s for both on- and offsite Subtitle D landfill scenarios. 
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3.9.3.3 Characterization 

Two sources of res1dual characterization were developed during the industry study: 

• Table 3.9.11 summarizes the physical properties of the spent Claus catalyst 
reported in Section VTI .A of the §3007 survey. 

• Three record samples of actual spent Claus catalysts were collected and 
analyzed by EPA. These catalysts represent three facilities using the same 
process and are summarized in Table 3.9.12. 

Table 3.9.11. Spent Claus Catalyst Pby<il'.lll Prol"'rti .. 

#ofRC #of lOth 'JI. Mean 90th"' 
Properti .. Unreported 

ValnN 

pH 92 112 3.8 5.7 10 

Reactive CN, ppm 59 145 0 14.3 10 

Reactive S, ppm 70 134 0.01 23.5 100 

Flash Point, C 57 147 54.4 95 160 

Oil and Grease, voi% 24 177 0 0.3 1.0 

Total Organic Carbon, vol% 24 179 0 1.0 2.5 

Specific Gravity 73 131 0.75 2.5 1.2 

BTU Content, BTUI1b 
. 

9 195 0 773 3,000 

Aqueouo liqu~, % 98 106 0 0.6 2 

Organic Liquid, % 88 116 0 1.3 1 

Solid, % 160 44 98 99.3 100 

Particl• > 60 mm, 9' 40 164 0 22 100 

Particle 1.00 mm, iii 72 132 50 84 100 

Particle 100 pm.-1 mm, % 57 147 0 6 so . 

Particle 10-100 ~ % 31 173 0 l 0 

Particle < 10 ,u.m, % 31 173 0 0.3 0 

Mean Particle diameter, tmcroos 17 182 0 4,700 13,000 

The collected samples are expected to be representative of the spent Claus unit catalyst 
as generated. There nre essentially no proccu variations with the Claus process. All units 

P¢tro1C>um Rcfwin& LiC>tiJJ& ~lelfwjUAtiou 
Final Background Document 179 October 31, 1995 



' 

use alumina catalyst and all treat a purified stream of H,S. Contaminant levels in this 
catalyst, therefore, are not expected to exhibit significant variation across tire industry. 

Table 3.9.12. Claus Sulfur Recovery Catalyst Record Sampllng Locations 

S:tmpiP. 1"1\lmber Facility Description: Cotnlyot 'l)pc 

Rl·SC.Ol Marathon, Indianapolis IN Alumina 

R4-SC-Ol Little America, Evansville Alumina 
WY 

RS-SC.Ol Marathon, Garyville LA Alumina 

As discussed in Section 3.9.1, the four sulfur recovery processes in the industry using 
solid catalyst are the Claus, SCO'l", Selectox, and the Hyperion process. SCOT" catalyst is 
discussed in Section 3.3.4. The Hyperion and Selectox catnlysts are not expected to· be 
represented by this sampling and are not considered in this listing determination. 

All three samples were analyzed for total and TCLP levels of volatiles, semivolatiles, 
and metals. Samples were also nnnlyzed for ignitability. None of the analyz:.ed samples 
exhibited any hazardous waste characteristic. The high concentration of aluminum can be 
attributed to the alumina make up of the catalyst. A summary of the results is presented in 
Table 3.9.13. Only constituents detected in at least one sample are shown in this table. 

3.9.3.4 Source Reduction 

Like other catalysts, little can be done to reduce the quantity of this generated catalyst 
since, by design, it must be periodically replaced with fresh catalyst. The greatest pollution 
prevention oppartunity is to prolong the life of the catalyst by improvinl) the quality of the 
incoming H,S. 
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Table 3.9.13. Residual Characterization ()aia for Spent Claus Unit Catalyst 
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4.0 POPULATION ESTIMATION 

The numbers of people potenllally exposed to the onsite and offsite management of the 
residuals of concern are used as input parameters in determining population risk. In 
addition, the race of people living near refineries is used in presenting environmental justice 
t:nnC'P.rnc;. Thf>: ~pproad'~-"'J. \!sed to estab\is.h these input populations are presented in this 
=tion. Both the locations of speeific residual management locations and the locations of 
refineries were used with census data to estimate these populations. 

4.1 DET.t:.KMJNING WCATIONS OF INTEREST 

Populations affected by the following residuals and waste management units were 
required for the population risk assossment: 

• 
• 
• 
• 
• 
• 
• 
0 

• 

offsite landfills managing crude oil tank sludge 
onsite land treatment units managing crude oil tank sludge 
offsite land treatment units managing crude oil tank sludge 
onsite land treatment units managing clarified slurry oil sludge 
offsite land treatment units managing clarified slurry oil sludge 
onsite landfills ma.na.girtg hydrotreating CAtalyst 
offsite landfills managing hydrotreating catalyst 
onsite landfills managing hydrorefining catalyst 
offsite landfills managing hydrorefining catalyst. 

These residuals and waste management practices were chosen on the basis of the risk 
assessment through both groundwater and above-ground palhways. The procedures used to 
c.stablilh thc:~e rc.3iduals and disposal s~nario.) "-$ being of wncern are pt-QC:U~ in othct
background documents (e.g.; "Assessment of Risks from the Management of Petroleum 
Refuting Wastes: Background Document"). These olher background documents also 
complete the population risk calculations, using the populations presented here as input 
parameters. 

The determination of these locations was performed in a straightforward manner using 
the:: Scctiott :3007 survey rc:sult.s. Rt::~ponde:ul:t iUt::ntificU Lht:: lt.JCaLiuu.s uf Lhdr uu.silc: ur uff~iu; 
residual management units used in all years that they reported residual generation. To 
determine the locations of facilities likely to dispose of a gpecific residual in onsite landfills, 
those refineries identifyin2 onsite landfillin2 of the residual in any year were extracted. A 
similar approach was used to identify onsite land treatment of residuals. 

To establish locations of offsite landfill or land treatment facilities for the residuals, a 
similar approach was used for me crude oU tanK sluage ana clartlled slurry oil sludge. That 
is, any facility identified by the survey as managing the residual in any year was extracted. 
For the hydrotreating and hydrorefining catalysts, only those offsite facilities identified as 
m~n~ging thP- n>.~irfn::~l in 1 QQ?_ w~re eYtr.u~tM The- nnmhi;'.T of w~stP. m~n::~gP.ml!nt f::~c.ilitiP.~ 
identified for each residual and each scenario is presented in Table 4.1.1. 
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In the cases of crude oil tank and CSO sludges, individual risks were first calculated 
on the basis of oily and deoiled sludges, as discussed in Section 3.1 of this document. As a 
rc:~oult, population3 and population ri.sk wcrc:c initially calculateU using uily amJ c..lt:UilW .sludges 
as well and qualitatively assessed for the combined categories. Table 4.1.2 presents those 
population estimates required for the initial assessment in terms of oily and deoiled sludges. 

4.2 DETERMINING POPULATION AT WCATIONS OF INTEREST 

The locations of the facilities described above were used as inputs to population data 
:syslt::ms lu ~wutl.ify the sumJumJing population. For each location (i.e., each retlnery anCl 
offsite management unit), one, two, and five mile radii buffer zones were intersected with 
the Census Bureau block group demographic data. The 1 mile zones were used for the 
e:roundwater assessment from landfills. The 1 and 5 mile zone..c:. were u~ fnr the 
aboveground (indirect and direct) exposure assessment from land treatment units (the 2 mile 
zones were not used for any assessment and thus are not presented). Population risk was not 
required for a groundwater as>e'.\sment from land tte:atment units, l)t an ab<Negrm:md (iml\rect 
and dtrecr) exposure assessment from landfills, because these scenarios were shown to 
present less than a 10"' individual risk using a high end analysis. For these reasons, five 
mile populations surrounding landfills were not used and are not presented. 

To fmd locations for onsite units, oil refinery locations (latitude/longitude) were 
initially obtained from the Federal Emergency Management Agency Master Database as an 
ARC/INFO point coverage. From these locations, one, two, and five mile radii buffer zones 
were generated using the ARC/lN!-0 Geographic Information ~ystem buller command. 

Offsite management units were \~t<d b~ their zip code oentto\d by con"erting 1he 
five-. digit ZIP c-OOe to a latitude/longitude by means of a look-up table. This data wu stored. 
as an ARC/INFO point coveiage. For each offsite management unit, one, two, and five mile 
radii buffer zones were also generated. 

Population data was obtained from the Census Bureau Summary Tape File lA 
(STFIA) database. This data was stored as an ARC/INFO point coverage for each state 
where each point represented the centtoid of a Census block group. A block group is a 
polygon which nomintllly contains 400 housing units. Demographic statistics such as total 

population, age, sex, and race structure are compiled for each block group centroid. 

Following this procedure, populations for some of the locations could not be obtained 
due to system errors, missing data, etc. For these locations, assuming a population of zero 
would underestimate the population. Instead, it was assumed that these facilities would have 
the same surrounding population as the other locations managing the specific residual. These 
"seo.led" population datn were u3Cd na the population inputs to the vnrious O.Sse3sments. 
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4.3 DETERMlNING SUJlPOPULATIONS 

The populations within one mile of (I) all 171 refineries and (2) all onsite and offsite 
landfills and land treatment units used to manage the four residuals discussed in this chapter 
were determined from the same dala used above. The dala were segregated into the 
subpopul~:~.tions of white o.nd non-white. ThC3C data arc prc.scntcd in Tabl.:; 4.3.1. FQl

reference, the national population profile is provided as well. The population dala for 
landfills and land treatroent units does not equal the total of all units in Table 4.1.2 because 
persons in areas with multiple sources were only counted once (i.e., double counting was 
eliminated). 

T~hiP d.l.1. PopulAtion ProfUe of Waste M:::a.wt.gement Fa(':llitios 

Scenario #of 
facilities 

Crude oil tank sludge, 23 
offsite landfill" , 
Crudo oil ra.ak al1.1dgo, 16 
onsite land treatment unit 

Crude oil t.a.nk sludge, 6 
offsite land treatment unit 

CSO sludge, onsite land 8 
treatment un.it 

CSO illudge, offcite bod 3 
treatment unit 

HTU catalyst, onsite ; 
landfill 

HTIJ catalyst, offsite 12 
landfill 

HJU.T catal yt:t, biWite < 
landfill 

HRU catalyst1 offsite 4 
l>ndfill 

CSO sludge: clarified slurry oU sludge 
HfU catalyst: hydrotreating catalyst 
HRU ca.tAiy~t~ hydrorefininz c:da1y!tl 

#of 
facilities 
w/ no data 

5 

0 

0 

0 

0 

0 

3 

0 

0 

Tood Total population, Tood 
population, 1 1 J'llile radius, !)Opulation, S 
mile radius ~led mil~ r.atliu.: 

45,328 59,093 -
34,401 34,401 1,869,.5.56 

54,632 54,632 514,449 

21,300 21,300 842,698 

17,753 17,753 72,871 

I 1 -
45,379 60,505 -
1 1 --

15,758 15,758 -

A. The population surrounding offsite landfills wa.o.aging crude oil tank $ludge was calculated dif'ferenlJy than the 
other residuals. The calculated surrounding population is: expected to overestimate the actu:al surrounding population 
by no more than 20 peroent. The scaled and unJCaled populations for oily and deoiled sludges werl) summed, rather 
than malculated to account for single offsite fucilities receivint. both subsets of this cate2ory. PoPulatioD& 
rurrounding facilities managing oily and deoiled $ludge.s are presellted in Table 4.1.2. 
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Table 4.t.Z. Additional Statistics for Crude and CSO Sludges 

Scenario #of #of To<>! Tolal Total 
facilities facilities population, 1 populatioo 1 population, 5 

w\ no data mile radius mile radius, mile radius 
"'"ed 

Crude oil tank sludge, 15 4 33,016 45,022 -
deoiled, offsite landfill 

Crude oil tank sludJle, oily, ' I 12,312 14,071 
offsite landfill 

Crude oil tank sludge, oily, 9 0 - - 1,490,341 
oosite land treatment unit 

·-
Crude oil tank sludge, oily, 5 0 - - 483,169 
offsite land treatment unit 

CSO sludge. oily. onsite 8 0 - - 842,61;1S 
land treatment unit 

CSO sludge, deoiled, offsite 2 0 - - 21,690 
land treatment unit 

CSO sludge, oily, offsite 2 0 - - 67,034 
land treatment unit 

Table 4.3.1. Population Promes 

National population Population profile Population profile 
prof!:le :sunuwu.ling U.5. surrounding facilities 

petroleum refineries landfilling or land 

Total population 249,402,000 

White population 209,180,000 

Peroont white 83.9 

Population of color 40,222,000 

Petcent population of 16.1 
co tor 

Petroleum Refining Listing Determination 
Final Background Document 

treating proposed listing 
residuals 

651,757 195,693 

408,280 151,955 

6Z.6 77.6 

243,477 43,738 

37.4 22.3 
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Al'l'bNDIX A 

1992 RCRA §3007 Survey 

Refer to docket for a copy of the RCRA §3007 Survey 
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API Split Sample Comparison 
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FCC EQUILIBRIUM CATALYST 

Chloroelhane 
Acetone 
Benzene 
n -Buljo!benzane 
Ethylbenzane 
loopropylbenzene 
n-Ptopylbenzane 
Toluene 
1,2,4-Trlmelhylbenzene 
1,3,5-Trimethylbenzene 
o-Xylel\8 
m,p-XylenH 
Methylothyl kKmo 
Methylene chloride 
Naphlh"*-

Acetone 
Tol...,.. 
m,p-X!l-• 
Methyl othyl k-n• 

Banz{a)anthraceno 
Chrysene 
Dlbenz(a,h)anlhrac
Dibenzofuran 
Fluoranlhene 
Fluorene 
I -Methylnephlhalona 
2-Math~na 

Naphlhaktne 
1.4-Naphlhoqulncne 
Phenanthrene 
DI-n-butyl phlhalo.ta 

Bls (2-alhylhexyl)phlhrolate 

Volaile Organics -Method o;;rovl'lpgrKg 

CAS No. R4-FC-01 'JI4._;FC'-'OtS' 

75003 liD' /?({:;.•,·.~! 
67641 liD . •''2.400 
71432 NO 

104518 NO 
100414 6,400 
988211 NO 

103651 2,200 
108883 17,000 
95836 13,000 

10867& 5, too 
95478 11,000 

108383/106 35,000 
78933 1,400 
75092 NO 
91203 < 

RB-FC-01 
NDIJ 
NO 
NO 
NO 
570 
NO 
570 

< 570 
1,300 

< 570 
< 570 
< 570 
< 570 

NOIJ 
3,000 

TCLP Volallkt Organlca - Mothods1311 and 8260AJJg/L 
cAs No. R4-Fc-ot &tf:Fio:...~~:~& RB-Fc-ot 

6764~~ 100 ;; HI\ < so 

1083!3/1;:1 : :: i •••• ; ~ E 
SemM>I- Organics - Method 827118 

CAS No. R4-FC-01 
56553 NO 

218019 NO 
53700 NO 

132649 NO 
206440 liD 
86737 liD 
90120 J 510 
91578 .870 
91203 670 

t30154 NO 
65018 liD 
64742 < 165 

< 
< 
< 

TCLP Semlvola1ile Organics - Methods 1311 and 8270BJJsll 
CAS No. R4-FC-01 "";..Fo,;otS RB-FC-01 

117811IJB 231 .· · · NRIJ 151 
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NO 
NO 
NO 
NO 
NO 
NR 
140 
NO 

R8:..,fiC-~1S 
NR 
NR 
NR 
NR 

fl.6,oFC-01S 
38 

190 
42 
95 
37 

t90 
620 
600 

1,300 

130 
1>.300 

33 

Average Cone Maximum Cone 
NAI NA 
NA 
NA 
NA 

3,485 
NA 

1,385 
8,785 
7,150 
2,835 
5,785 

17,785 
985 

NA 
1,813 

NA 
NA 
NA 

6,400 
NA 

~.200 

17,000 
12,000 
5,100 

11,000 
35,000 

1,400 
NA 

3,000 

Average Cone Maximum Cone 
751 100 

105 
100 
100 

Average Cone 
NA 
NA 
NA 
NA 
NA 
NA 

568 
923 
728 
NA 
NA 

583 

160 
150 
150 

~umConc 

NA 
NA 
NA 
NA 
NA 
NA 

510 
870 
670 
NA 
NA 

1.000 

R87=~-t)1S Average Cone Maximum Cone 

'·····•·.• ····•· ·· . NRI tsl 231 

Minimum Con:: 
NA 
NA 
NA 
NA 
5n 
NA 

57J 
sn 

130) 
57~ 

57~ 

570 
570 
NA 

625 

Minimum Cone 
5() 

5() 

50 
50 

Minlmum Cone 
NA 
NA 
NA 
NA 
NA 
NA 

165 
165 

1~!1· 
NA 

165 

Minimum Cone 
151 

Comments 
2 

2 
2 

2 

Comments 

Comments 

2 
2 
2 
2 
2 
2 

2 
2 

Comments 



Alumlnun 
Antimony 
Arsenic 
Barh.m 
Beryllium 
Cadmium 
Calcltm 
auomium 
CobaH 
Copper 
Iron 
lead 
Menganne 
Molybdenum 
Nickel 
Sodium 
Thallltm 
Vanadium 
Zinc 

Antimony 
Barium 
Chromium 
Iron 
Nickel 
VanadiiOll 
Zinc 

FCC EQUIUBRIUM CATALYST 

Total Metals - Methods 6!l10, 
CAS No. R4-FC-Ot 

?1i1~~~ 
R6-FC-01 Average Cone Maximum Cone 

7429905 89,000.0 31,000.0 60,000.0 89,000.0 
7440360 1'1) 1'1) NA NA 
7440382 < 1.0 2.5 1.8 2.5 
7440393 190.0 

i<········-·-· i?~ < 20.0 105.0 190.0 
7440417 2.7 ·-···-_· ... i?~ 1.7 2.2 2.7 
7440439 1'1) NO s NA NA 
7440702 1,700.0 < 500.0 ?!R 1,100.0 1,700.0 
7440473 17.0 1,U 4.0 5.3 10.5 17.0 
7440484 < 5.0 .4.7 18.0 . 23.2 11.5 18.0 
7440508 19.0 . ~~.<! 13.0 14 16.0 •9.0 
7439896 4,800.0 _-_-._ .•. AA 1.000.0 NR 2,900.0 4,800.0 
7439921 42.0 •.. ·-·-~~.1 11.0 -_11,1 26.5 42.0 
7439965 32.0 . ' ij.3 < 1.5 4.9 16.8 ~2.0 

7439987 1'1) :,_ ..•. · : J.S NO a.e NA NA 
7440020 330.0 .• < 181 91.0 117 210.5 3~0.0 

7440235 9,600.0 
•••••••• ).······--··-········0= 

1,900.0 NR 5,850.0 9,8W.O 
7440280 N) NO i'lR NA NA 
7440522 1,200.0 .··•: ·-·~ 720.0 $78 960.0 1,200.0 
7440666 68.0 .. :se 9.3 11,9 38.7 68.0 

TCLP Metals - Methods 1311, 60!0, 7060, 7421, 7470, 7471, and 7841 mg{L 
CAS No. R4-FC-01 .·li4,;.,F0-01S R6-FC-01 RCI~FC-01$ Average Cone IVaxlrnum Cone 

7440360 
7440393 
7440473 
7439696 
7440020 
7440622 
7440666 

Ol:mmenta: 

Noles: 

I 
2 

< 

< 
< 

0.30 NR 2.00 2.1 1.15 2.00 
N) 0.1'7 NO 0.25 NA NA 
N) 0.016 NO 1\10 NA NA 

0.50 ·: .,,_ .. t!R 1,30 NR 0.90 130 
0.20 .-··.--· ... :• HR 

1.10 NR 0.65 110 
9.50 NR 0.85 IIR 5.18 950 
0.25 NR < 0.10 IIR 0.18 025 

0&1- llrnHa greater than the hlghesl d&!ecl&d concentration are excluled hom the calculations. 
Analyt• not delee'.ed with EPA dsla, but reporlad wl1h API da!A. 

B Analyto also dele<ted In the associated method blonk. 

Minimum Cone Comments 
31,000.0 

NAI 2 
1.0 

20.0 
1.7 
NAI 2 

500.0 
4.0 
5.0 

13.0 
1,000.0 

11.0 
1.5 
NAI 2 

91.0 
1,900.0 

NAI 2 
720.0 

9.3 1, 

Minimum Cone Com menta 
0.3 

NAI 2 
NA 2 
0.5 
0.2 
0.9 
0.1 

J Compound's concentradon Is estinated. ~8 epectral data lrtdicate the presence of a compound that meets the identification 

hlro1eum lilting Anatylical Data Sumnwy ComJ*ilon 

crllerla for which tha resullla less !han 1htr laboralay detectkm limit, but grealer lhar zero. 
f,[) Not D&lecl&d. 
NA Nol Apollcabl&. 
NR No! Reoorted, or concentralon below t11& method delection limit 
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---"""""' ... _ ·~c:hbf'lct. 
n-Pr~ 
T ....... 
1.2..(-T~IMnDne 

1,3,5-Trlrnd\flbenafl• ........... --·-
Methytentl ohbrlde 
Toluono 
o-X'*'• 
m,p-Xylenel 

Blt(2-~llallta 

2-Methylnaph~ 

1-Udfi!Mphlhalene _ .. -........ Dt-n-buttf ph1haiR --...........,_ ,..,_ ,..._ 
2-Mei1Jichlyaene -
-

YolatlleOrganlcl- Mtlhod82GOApW!<g_ 

CAS No. R2-FC-at ~tf~a 
&1&41 NJ '.--:::-:--:·''·,,;._-,-::·-w 
71432 N) J ,:,,.::::.:::"_::::>::1.0 
75150 NJ · ... <-'-·\.::M) 

R•-FC-02 .., .., ,., ,., 

FCC £QUKBUUM CAT..._YBTFIHE8 

Re-FC-02 Rtli-FC.._02S 
Nl B- ·- ... --.62- Awfao- Cono Maximum Cone 

NA NA .., .., NA NA 
t.[) M)' NA Nil 

NA NA 1(1()41. t«) ·> _---_-_\_ 
75®2 tl) J ·-:' . -}: 176 

103651 N) J __ - : ':C:tiQ' 
,.,IBJ . ,., 

.., 10 .., .., 
Nl -r.o 

NA NA 
NA NA 

100003 
1151130 

10M78 ... ,. 
108383/1 

1,«10 -:!Mol< 
N)J ... 

fl) (__ ;tt~ 
N>J.;:'• ~ 

1,500 $$11< 

• ,., .., .., 
• 

TCLP'kMI!tn.Organka- Melhodt _1311 and82ee».IISIIL 

CASN

3
o. < 02-fc-:

1 
~a~FMO:I< ••-•c-:

1 10M63 < 50 tEl 8 250 
es.t70 < 10 Nl B &7 

108383/' < 50 ~ 8 210 

SemiVO.tlle Ofganlcll- Mdlod 8211:S 

CAS .No, R2-FC-o1, ~·· 
111117 J 
Ot570 < 
801~ < 
..... < 
50320 

21101. < 
&4742 < 
.. 137 
85011 < 

120000 < 
110151 < 

3351324 < ...... 

R•-Fc-02 ... ... ... ... .., ... ... .., ... ... 
330 
330 .., 

TCU' Semlvol.llle Organb - Mathodl. 1311 •ndi27(B PWl 
CAS No. R2-FC-01 8Fifc;;...Qt• R<t-FC-02 ...... , < .. , ... ... . . l'fll< .. , 

< >·' \ .,,..,1 < 5 .., 3S4 1,40C 
.., 10 NA t# .., .., NA N,_ 
NJ t.c NA N,. 

< < 5 y:t· 37a 1,50(1 

~~·~-:~: B RS-FC~=~ 
... < .. 
... < 50 
... < 50 

i!H:I : RO-FC-:1 
NR< 50 
NR< 50 

R&-FC-':I""''"go Co~~....,.lmum "';:I 
tEl '100 25(1 

Nl 5I lli 
Ml 00 21(1 

RS ... FC-o2 -~;..f~S Re-FC-02 Re...Fc..,.-.. 
< 1GS -=_-JSJ J 110 J 34 
J 81 J -:·~i1 J 110 J - 250 
J 15 J 81 J 150 J 1i0 
J 10 J ---eo < 1es Nl-

N> J '.60 fol) Nl 
J UIO J , .. -.--- · :---140 < 1(15 - N) 

J 110 ·-=:Hi < 185 ffl .. .., .., 
510 < 1l!IS t«) 

J 701J 71 < 1155 NJ 
J .uo ~ < 330 tl\ 
J 17 Nt < 330 tf\ 

-:'k) !IV J JO 

Aletaga Cono l&axlmum Co;u: 
1731 25C ... ,. ,. 
NA 

171 . .. 
NA 

""" 76 
350 

77 
NA 

"' 15< ,. 
NA 

'"' 18( 
NA 
57< 
n ... 
n 

"' 
lfi44=_Q.;;;.ll0.: RS-FC-02 AH~ RG-FC-02 ho-Fc-Cirtfl AvllfagaConc M6JifmumConc 

,, . :'>!1\IJB .. , . NliJB ••I NRl ~<I "' 

Pfto~11m U"*- Anoatv~C .. ol.-Summary Cm~JWIHn ·-· 

M!olmum Cone 
NA 
NA 
NA 
NA 
NA 
NA 

5 
NA 
NA 
NAI 

5' 

~nlmum~EI 

Minimum Cono 
110 

•• 
65 
70 

NA ... ... 
NA 

105 

70 
330 

77 
NA 

ftfioknum Con~ 
131 

CommanD 

Comlflants 

Commante 

Comf'l~tl 

I 



Aluminum --Barium 
Betylllum 
Codmlum 
Cek:lum 
Clvomlum 
C<>bolt 

"""""' ,,... 
load --· -M Nickol ...... , .... -... 
Thol"'m 
Van•~ -
---""'""" Colclum 
Clwomlum 

""""" .,_., -.... --........ -Vonodlum -

f';eW-olellmUdlg: An~ P•b Sumi'Mir)' C~Nfloon 

F<X: EQUJUIRIUII CATAlYST FINES 

- Methodt0010, 70d0,_J~2_1, 74_70, 71i1, and7841 m~g _ 
CAS No. R2-FC-01 fl¢~fQ:..-on~:- R4-FC-02: R,-f,C~ RS-FC-02" -fl~~-: AS-FC-~ R8:--FO ... Q:28 Ave-age Coile M111lmum Cone 
~ t20,000.0 -;·-•·-~ 73,000JJ . - ... ~- 54,001.0 .,:_-'r:-__ ,_-... ~,-~ tl.wo.o 

.~- 05,000.0 120,000.0 
1-140(te0 41.0 :=:-:::~ ·_. 1;l1-..; a.o ,_._=-=::.-.=-·=.)fl < .s.o ·-,-,,--:: .. :··-::~ < 6.0 t<> 18.3 47.0 
1~40362 11.0 . ·:_-_::_);K < 1.0 ,.-::.::->_-~ 2. 

~;; 3.3 ... •• 11.0 
71400Q3 1GO.O _ ·:~., 500.0 . -_-_~, 5$.0 ~10.0 ... 253.8 .... o 
7~40417 tS.o -.o.P 1.8 -ci.lH < o.s -:o.lM_ < 0.5 0,41 4.0 13.0 ....... .., ·N> liD ,.., .., :=o.!50 .., 0,71 NA NA 
7140102 1,500.0 . ····.··ffi 2,000.0 - -_---'11 2.100.0 If\ '.400.0 ... 1,1Kl0.0 2,000.0 
74~13 .... -_ ·1t.i 57.0 :::·.-u.e 15-.0 :-fOi.-i 43.0 41,4 .... 57.0 ........ .... ~-$.~_ .... -- - '_j_if,!i_ < •. o H 80.0 ..,] 32.8 00.0 ....... 23.0 :.::·-1&.8 .... ----.--:._~~- .. .... 10.0 21.0 28.2 040 
7- 0,000.0 . ··.If\ 34,000.0 HI 1,00t.O If\ 11.000.0 If\ !3, 150.0 34,000.0 
74~1 34.0 . -.,,~, 210.0 ~{' 7.2 '-"·" •.. ~p .... 210.0 .. ,.... .... --__ -~e.~ 100.0 .... , ti.O ... .... 7H 50.6 100.0 
743Q087 < ••• --::_-~1' 20.0 .. ~\ < •• a < as • •• 20.0 ,._, ..... '.•.. . .• ~1.1 710.0 ...... 7~.0 -~ 130.0 145 410.8 000.0 
77 ..... < • •• ........ ,... ... HI < o.s If\ < • •• ... 1.3 3.0 
7<40235 2,300.0 

.···.·················= 
s,ooo.o Hi 14,000.0 Nl 11,700.0 ... 7,750.0 14,000.0 

,._ 
< 1.0 3.2 2.~ < ·.o ... < 1.0 ... 1.6 3.2 

7- 2,GOO.O . ---·::tz;e -· ... 110.0 : 105 230.0 .. , 002.5 2,1500.0 "- 70.0 ·······~· -· -~ 22.0 "" ~1.0 11. 123.0 30o0 

.PMa~R- Maihodt 1311, eoto. MCS0,_7.(21. __ 14iO, 7-471, andJ&41 mQil 
CAS No. R2-FC-01 ~Ot• R4-FC-02 ~·~.,.0121t R5-FC-1>2 !'&.,.J'C.Q28. M-FC-02 Re..-Fo-021 Aw·age Cono Mo:lmum Gone 

7<:1 .... ...... ... 410.00 ... < 1.» ... 4.30 ... 131.33 410.00 

7- .... •l'fi "" o.so HI < .... -.--2J. < 0.30 .., 0.-45 .... ,.._ to 0.1~ w 0.011 rv O.l!!< ,., 
~" NA 

~· 7440102 < 25.00 ... ..... "' ..... ... ..... ... 80.25 100.00 
7~40473 0.24 O.ot1 O.S4 0.07• < 0.00 ,., < 0.05 0J)IJ1 0.17 0.34 
7<40404 < 0.25 .... 0.25 "' < 0.:!5 ... 0.72 ... 0.37 0.72 , ...... .. .. . Nl .... HI < 0.13 "' < 0.13 ... 0.25 040 "- 15.00 

t > ~ 14.00 ... uo -... "' 32.00 ... ..... 32.00 
7<30021 liD to N) ,., Jio "' 0.11 NA NA ,.,.... .... 

··················•·: 
2.70 "' .. , . ... 0.42 "' OJ~ I 2.70 

7-70 .., .., It) .., liD .., .._ 
NA NA 

7"0000 .... ... 7.50 ... < 0.:!0 If\ 0.70 If\ 2.g7 7.50 
7- .... -:·--:N\-< 0.25 "' < 0.25 ... < 0.25 If\ 1.41 . .. 
7- o.e1 ···m ... If\ ... ... 18.00 ... 5.37 1G.OO 

Com-'Jlanla: 
1 OMK::tlon Hmlta ~ ltmt "-hJQhftt deteo" ~elbo areexcludld1rom 1M ca.tculatkm&. 
2 Anllytl not deWclecl with EPA <IIlia. but r.po~tad wilh API dalll. 

AmJyll! MD ~dIn the _..vclated ma-lhoojbhfnk. 
Nottt: 

• J Compound'aooncer&rdon li•Uma'led. Mas apecllal datalndl<llda lhe of!ntlantl8 cl & compound thal:neets theldentlloatlon 
-crfllria for which he- r.\rit II leu llhan IN '-boratofy datacllon llml\ but oraafllf lllan zero 

~ Nat0.18ctad. 
NA Nat Applicable. 
N\ NdAeporled, 01 oono.rb&lion below !he meltlod dat.ctlon JmU. 

.... , 

Minimum Cow Commm~ 

\7,00C.O 
tO 
•.0 

5$0 

•• ... 2 
1,4000 

t50 
so 

'" 1,800.0 
7.2 

1".0 

•• r...o ... 
2,30C.O 

1.0 
11£.0 
no 

Mlnlmum Cooc Commalls 
10 
C3 .. 2 

250 
01 
03 

•• 
16 
M 2 
02 .... 2 
02 
03 
0.3 



-n-Bulyl)nz:-..,--.., __ 
...,_ 
t.op~IZ-~ 
p-'-cpmpylklllana 
n-P~ __ ...... 
....... 
1~~-Trichloroprqnne 
1,2.4-TrirM!hylb~ 
1,3,5-T~• 
o-Xyfantl 
m,p-~ -_ ......... ....... ............. 
Mll1yl alttyl Mione ....... 
1.2.4--T~• 
1.3.5-T~ 
o-x,-. 
m.p-XytiM -

f'ftolalm u.tn11 AA.tyblllllailurnmfly Ormp.-1-

1-MJRDlfiEATJNB C\.TALYIJf 

: Avei~QaOCino MulnunCOlo ........... """" 
'"'"""I < -< 100414 ..... ...,.1< ...... 
711003 < . ..... ..... ..... 

10857&! ...,. 
10«Nt:l/10042:i 

D12031 < 

1011003 

...... 1< 
1081J7& < ...,. 

10Gft3./1084~ 
tJ13)3l < 

Sam~Yc~..._ arg.~c~; - Mllhod woe~ 
CASNo. Rt-TC-01 ftt*"'f(l:~ 

U1117l < eecJ ·-::·.-.---':'-:.:).--" ifi 
< NCl - .::.:.:_ .. 
< eec ,-_- lfl 
< eec MR 
< 1,32] .0 
< eac tO 
< eac -.:_.. . -filA 
<: 8llC ·:,_·.:':--'~ __ -_=:-::-to 
~ : J t::~:-::::~::;··;.::~:\-.: 

e.eoo J x'---:-. , a.~ 
4,200 J .'-'t,11D 
•• 200 - :"' 

< ed(l -___ -J() 
" eec . -_JC) 

20CJ -, . : fit 
4IXl - '_;._:_.: fC) 

< t,aZJ .. -=-·::~e 
1,000 ----..~). 

11~ 500,000 
11,.511 50.000 
S.t311l 11,000 

410 -410 
12.«10 280,000 
11.-150 32,000 
O,I«J 25,000 

22.»0 82,000 
a,S25- uro 

245,.7M 1.b,OOO ... ... ... 
.... ,7 
D7,oaa 

107,! ... 
311\000 
120000 
370,000 ...... . ...... 

,,700 ....... ... 
A¥8rag• Cone- IMalrmm Ccnc 

- ::I 
t.f-,0001 
t.J,ooo! 

1~000! ...... ...... ...... ·... 1,1100 ..... 
1,200 

.00000 
5301000 ........ 

t,b,OOO ...... 
...000 

>.000 ..., 
eool 

••• 
1,100 ... ... ... ... ... 

NA ..... ..... ...... 
12.000 , .. 

........... """" .. .. .. .. 
100 .. 
so .. .. 
50 

-"""" 120 

-· 

... ... 
105 .. , .. 
72 

105 ... 
1&5 
105 . .. 
1 .. , .. 
1 .. ... ... 
330 
140 

""""""" 

t 

""""-"' 

""'"""I• 
I 
I 
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-........ ._,._..,. --•rt-Sutylbenzene 
ElhyfbioiPI• 
lsoswow~ 
p-l~u.M -··n-Prop)tbenzena 
T H.cHofoelhMM: 
r......,. 
1.2.4-T r!malf¥1b.nant 
1,3,5-T t!metylbenzena 
o-Xyfelw 
m,p-Xyltnet 

-·-·~Clhbrlde 

T-
1,2,4-Trr~nt ·--m,p-Xyltna 

-·-h,l)...., ..... .,.,....... .,..,._ 
D~a,h)an~ne 
DIMnzot~ ... __ 
D......,l,.._ 
Dl-n-bulyt ph...,_t. 
2,4-Dtn!ropMnol 
2,4-Dfnllrotoluena 
S.(2-ethyU...,.,I)phiMIDI ----lndmo(1.2.3-cctJ!yrem -2-Meliv!chry..,. 1---·---·---8/4 -Mathylptwnol 
Naphthalane ............. -...... 
Pyrltlne 

Pftct..lm IJJing Anii¥!cai0MI; S~;~nvnwy c~.,teon 

HlDHORB'ININGCATALYST 

Volah Organlct - Matlod U80A pg\ 
CAS No. R5-TC-o1 :RS 

1!7041, ' '--· .. ... 
1)4518 J 
135988 J ..... 
130414 J 
..... < 
IMJ870 < 
, .... < 
t1203 < 

l03051 J 
tl7154 < 
100883 

1151130 
1Gee7a.l < ... ,. 

108383/1 

TClPVoatlleOto-n*- Melhod!J131_1 __ and 8200A"WL 

~,:;~· < RS- rc-:,; ,~)~.J"!,~!!• :78-RC-~01 

,=: < 1: ~.·.·: ... ·.; ... ~ .. ·.-.·-' .. ·• .. :.·.·::. · ... •:; .. ::··.:··.::···:· ...... 1•.-~ .. :~ ..... --. ...= 75082 < 50 :::':::::=:·· '':,:,=<J'~ < 
ltl88&3 < 50 =->:>'··::::::;':fit 4,000 
t$830 < 50 :< ,' :· ::,:_.;::~_-ffl 180 
15478 < SO ·-- .;:· ;, -:\._; -fiA I 

1o&al3/1004 < 50 .. : : __ . ·-···tfl 530 

1t1242 .. , .. 
2'1101D 

53703 

1-< 
105870 < 
131113 < 
en42 < 
S128S < 

12H42 < 
117817 < ......., 
M737 < 

1113305 
,...1 < ... , ... 
«1120 J 
~157e < 
.... , < 

NA < 
i1203 < 
e50HI < 

1<0052 < 
1""""' 
1105&1 < -tf\1 < 

~i~ Avet-.Conc MufrnumConc 
' N NA. 

43.733 no.ooo 
3,710 10,000 
..... 5,300 

NA NA 
;,ocsJ 13,000 
t;t13 1,eoo 
2.250 5,500 
1 ,383 2,1Kl0 
1,485 uoo 
1,450 2.000 
3,5A o.soo 

9,507 100,000 
10A33 23,000 

3.1M2 5,;()0 
10,747 2-4,000 
35,[)33 "'&,000 

--~If Awlr6QII Com Mllidmurn Cone _- <::·{:><-:'::18_ 70 1~0 

~ki?:{_::;::_-::::;~·! f,: ··: 
:--=-=:_:J·:·:._:t::·r:_:;= 1.~ -4.= 

:_:::--_:-til 83 150 
"::: _:-:-Af\ 210 530 

lweregeCono MaxfmumConc ... 370 
313 ""' HA NA 
NA NA 
NA NA ... 1,100 

2.152 5,1100 ... ... , .. 210 

"" 370 ... ... 
110 110 
NA NA 

1.255 2,800 
NA NA 
ISO 150 ..... 3,.000 

•• 007 0,1100 
5,755 12,000 ..... 5,1100 

712 1,800 
1,2-43 3,000 
1,18& 2,200 

710 1.000 
1,147 3,300 ..... 10,000 

·-· 

Minimum Cooo Commanlo 

··EJ 
2 

510 .. , 2 
1,200 

025 ... 
025 
025 
gool ... 

5,700 
1,000 

025 
1,400 
4,100 

Mlnlnum Cono Com men II 
so 

110 
so ... 
so 
50 
so' 
so 

Mlnlm~m Cone --105 
105 

El 2 
2 
2 

105 
lOS . .. 
105 
3111 
105 
no' 

1:1 
• 

NA 2 
1511 
330 ... 
105 
105 
105 
105 
105 
105 ... 
330 



81•(2-thylhuyl) phthalate .,.._ 
~ • .4-0lmehyfphfltiOt --· 1-Mathylnaphltlalana 
2-Methyln.phltlalentl 

·--lphonol 
3/4-M.th~(lolal) ...... ...,.,.. 
Phonol 

Aluminum -....... a.,....., 
C&dmhun 
Clv
Coboll 

"""""' """ leod 
Mangan.t 
~bdanllm 
Nickol -Thall-............ -
Aluminum .......... -e.r1um 
Codmhun 

coo.• 
""" Lood --· --Nickol .......... -

Pftol~t~m~ I.Jetng ""~ .CUIS•.u"mary Cl:fl1'U/ton 

H1'DROREFtNINQ. CIITALYST 

Awfaga Cono MaxJmum Cone 

81578 < 
.... 7 < 

NA < 
V1203 < 

101052 JB 

.. 
50 
so 
so 
17 

::r~:::{~:::::_.,:::::~-= : 
·-=--=:··_-:<m< 

·:·H:> 
. ····•>«> 

-- -_.:._· :_,_:,::_--"' < ...... 

100 
50 

""" ISO 
so 

1150: 

..... 
17 

100 .. 
"" 173 

"' .. .. 
102 

~100 

17 

""' 34 
260 
420 
200 
ISO 
110 

'"" 
ToiaiMetaia- Methodll 4010,_ 70e0 •. 7~1, __ 7~1_0. !•71, and714-1 mG'Jtf_ 

CAS No. RS-TC-01 '*~n;~1_S. Rnt-RC-01 ~-·f~.Q~~-· AvaragaConc MaldmumConc 
742WOS 278,000.0 :-'-'::}:;'$1_~ 80,000.0 ...... -... -,,,__ -- 173.333 
7440300 44.0 -.-··-·:·~_-If\. 380.0 151.3 
7440382: 1-oo.o -as 650-.o .- =-·..,. .. a 
74<4(1..417 43.0 --- < 0,5 -, -, .: ··.-:.~ 15.3 
7~ &.7 - -· ::' -. --lf\ 5.2 <.--::<:=_:,.._ 5.5 
7~73 aa.o :·:: .::: ,:•_:::::_~:··- 0.7 - --·---:---:>·::t*. 14.$ 
74ot0484 11,000.0 '"->;_-,:.-J~ &.100.0 :.--_ ~t~IDO' 14,VOO.O 
744050& «1.0 ·':..tfl 11.0 -'::·-_ :._ 2!U 31.7 
7ot3S81& 730.0 ·.:-f*l <f70.0 ·:-_::,--Mi. 7M7 
743QQ21 1.3 :.':::0:-':_::':::'Nit < 0.3 -_,_-.--Nl. 1.5 
743l~Q85 N> :.,·.:--::'.:·-:-·--:-:f.D liD -·-19.2 NA 

1~1 74,000.0 ---::-\·--~ 25.000.0 -•• 5a.Mil7 
7440020 H,OOO.O --- -:---:·- :n.- < &0 4.i52.7 
n~ r.a - -· .- --=w 1.~ ---- -:_·'*' 21.2 
74«t2BO < 1.0 ._-.:,:,·:.: ._. -,.. < 1,o ._,-. _f*l ts1 
7.wol522 31,000.0 -·-:,--- -.p·~· 100.0 -_ ':'17 10,31J5.0 . 
1441:eM N> :-' ~;$ liD ::2$.!! NA 

TClP MeWs- Mdlodl 1311, 8010,_~, 7421, 7470. 7-471, and7-1J41 mg{L 
CAS No. Rs-rc-ot fUi~'ll.i~S- fl1B-RC-01 ":.:~qrlJtl AMwagaConc Maxtmumeonc 
742WDS ... .co :-----~·:::(/:t:Nt < 1.00 .::-:::-::·_ ·,'_':" -_ Ni 2.13 .... 440 
1«C380 < 0.30 -.-:,:,-.-,,.,.,,::._,... ;. ':_,--:. --_ ·- -111U 3.40 u.oo 
74«<312: o.23 · ,_.1),-as 34.00 'L''::·<,?A<:--~.· 13.71 34.00 
74«13D3 Nl -·0,23 liD . _: -:: ·:,·.: -:-_o.fJ1 HA NA 
7~ Nl - , ___ -- -. )"' Nl - --·:::,,·:-::::(~21 NA NA 
7'*40484 ss.oo - - ;:-,-=foo8 tao.oo ·:~:{:_:{:_tf1 t35.oo 110.00 
74M&M 3.30 ·-::-m e.20 -·,:tfi uo 111:.00 
743W21 ~ NJ Nl _ f,l!l NA NA 
743WOS o-.11 -- "' < o.oe N1 o.14 o.N 
743GQII7 < 1.00 "" 13.00 N1 10.33 17.00 
7«0020 81.00 . NJ 0.73 --=- '*"- 2$.2.4 81.00 
7««522 3.30 :· __ ..,. < 0.25 ---.., 1.27 3.30 
1~ 0.38 .-::""" < 0.10 -~ 0.20 Q.:)i 

Commm!l: 
1 Det.c:lton llmlta ar•ler 1m\ the highest delected ooncenlratior are8KC!uded jrom t'le e&trultlkma. 
2 Ana1)11t not det.ct.d wUh EPA dO, but ~pcriKI with AA ct.la . 

Anely\8 also dalacted In the anoclaktd method blank. 

Mlnlrm.mCooc , . 
17 
30 
34 

100 
so 
so 
50 
so 
17 

M!nlrm~m Cone 
10,000 

3Cl0 
100,0 

0.5 
25 .. 

8.700.0 
17.0 

410.0 
03 
NA 

!5JXJO.O 
1.0 ... 
l.O 

250 
NA 

Minimum Cone 
LOO 
0.30 
0.23 

NA 
NA 

SS.OO 
0:10 

•• 
0.00 
1.00 
0.73 
025 
0.10 

Canm-

Commants 

2 

Comments 

2 

2 

2 

.. , . ., 
8 
J Compmind's. conoat*ation Is -umat.d. Mus. tpeclra~ data lrdoate the plfii80Q8 ola compoood !hal mMI:t the lden1I1!01Hoo 

crhfla tor which h r .. ui!: ls leu !han 1\e labon11oly defection ·~m~t but wut.r than ;mo. 
NJ Not O.Mcead. 
NA Not Appllcabkt. 
t-El Not Aeportad, « concadratlon btlow the rmtllo:l dektctlon umt 

P•g•2 



Benane 
n -Butylt..zen• 
Trlcblorotuoromethane 
Tot...,. 
1 ;2,4-ldmethylbenr.ne 
1,3,5-ldmethytbenren• 
o-Xylono 
m,p-X~• 
4-Methyl-2-penlanone 
Molhy! oll!y! "-t.no 
Molhy!one chlofld. 

Mathytw. chlodd• 

Bla(2-olhylhoxyl)pl\lhalalo 
Butyl bonzyl ph!halt.lo 
DI-n-butyl ph!halllo 
Pyridlno 

Bla (2-otllylhoxyijptllhalalo 
DI-n-butyl ph!halllo 
Pyridlno 

SCQT CATALYST from SULFUR COMPt.EX 

Avaras• Cone Maxtmum Cone Minina~m Cone 
71432. < 825 J 33 00 •I 

!045!8 J 700 243 700 • 
75814 < 825 27 "" 25 

108883 < 025 J 15 24 5 
Q583e 7,500 2,510 7,500 5 

108878 3,300 J 1,117 3,300 • 05470 J 1,040 J ... 1,040 5 
108383/1004 2.500 J 850 2,500 • 

108101 < 825 128 250 • 
78833 < 025 233 400 • 75082 < 825 J 33 .., • 

TCLP Volatile Or-ilanica - Mathotta 1~11_ af1d 8280A 11;/L 
CAS No. R7S-SC-01 J\:li+:f¢f_Q;j'j Average Cone Maximum Cone 

10002!< ool tii)' iii!l -1 •.eool 
Minimum Cone 

ool 

Samivolatila OrganiCI- Methodl2_71)~.flf!lci __ _ 
CAS No. R1B-SC-01 !li'IS.JO.;,.CIJ$ Avwage Cone Maximum Cone 

·~:~ J : J y : ·: ~ 
84742 J 120 :\ ·<.•· . l>lit 110 120 

110881 NO J ·;:: " :J~ NA NA 

Minimum Cone 
88 
NA 
00 
NA 

TCLP Semivolath <l'ganlca- tHthoda1311 and 82708pg/L 

~:·1 < R7B-SC-:

1 
j1····.p.· .... ··.·• .. · .. -••..••..•..••. 80.••.·.·.···.··.*11·J·: ••..•. 

1
. Avoraga c;:IMuimum c::l Minimum Co~;~ 

84742 < SO ·-·:-·,,:;::_.,·,----,·:-- NR- 31 31 31 
uoaa1 240 .. _-=-:~_=>=;=ir---·---~-• 147 240 100 

PelnUt.m Lifting Analrttal Date 8\lnmary Comperi&on p...,, 

Commenta 
1 

Comment• 

Comments 

2 

2 

Comments 



Aluminum 
Antlmon}' 
Araank: 
Beryllium 
Cadmium 
Chromium 
Cobol! 
Coppa~ 

Iron ,..,_ .. 
Molybdenum 
Nickel 
Solonlum 
Sodtum 
Vanadium 
Zlnc 

Atumtnum 
Arsenic 
Cadmium 
Chromium 
Cobalt 
Iron 
load 
Manganen 
Molybdanum 
Nickel 
Set.ntum 
Vanadium 

Comnenta: 

Notes: 

SCOT CATALYST from SULFUR COMPLEX 

Total Metala- Methoda8010, 7000, 7_421._747_0!_7471, arld7841 mg/kg 
CAS No. R7B-SC-01 fj,'}j8_~~~-91_~ Average Cone Naxlmum Cone Mfnknlb Cone Com menta 
74mos 340,000 \.C3~i.m 223,333.3 aao.ooo.o 110,000.0 
74C03&0 20.0 

' ',,~ 13.3 20.0 ••• 
7440382 < 20.0 11.3 21.0 10.0 
7410417 u l: .••.. , .•••••.••••.• :.··; 1.3 2.0 ••• 
7410439 0.4 7.2 u 5.7 
7410473 13.0 8.0 13.0 4.8 
7410484 18,000.0 j.,1® 14,333.3 10,000.0 11,000.0 
7410508 33.0 .~., 25.3 3~.0 14.0 
743980& 3.500.0 1,810.0 3,500.0 230.0 
7430885 54.0 w,e 10.0 54.0 1.5 
7430887 54,000.0 :/:'~:y;:'Y:·: )ijd~ 42,333.3 54,000.0 ~5.000.0 

74il0020 73.0 •>·\;:t: 70.3 120.0 18.0 
7712482 < 2.5 1.4 ••• 0.5 
74.0235 < 500.0 '!o~!i 1,433.3 2.500.0 500.0 
74COII22 210.0 .118 180.7 210.0 72.0 
744oeee ND . >: :3t:f NA NA NAI 2 

TCLP Metal•- Methcda1311, 1010,7080,7421,7470,7471, and7841 mg/1. 
CAS No. R7B-SC-01 "1:is~-IJC~:01_S Awtaga Cone tdllldmum Cone Minimum Cone Comm•nta 
7420005 32.00 

. ····.··· ....... Nfl 
23.87 32.00 17.00 

7440382 ND o.$1 NA NA NAI 2 
7440431 0.20 ·o.OU o.oe 0.20 0.03 
7440473 0.13 NR o.oe 0.13 0.05 
7-"0484 480.00 248.87 450.00 88.00 
7439880 < o.eo 2.43 .... 0.50 
7438821 ND NA NA NAI 2 
7438005 o ... 0.47 .... 0.08 
7438DI7 uo.oo 311.33 450.00 38.00 

7440020 0.84 0.44 0.58 0.20 
7182482 ND NA NA NAI 2 
7440822 1.00 1.18 1.00 0.25 

0-t.ctlor Umtt• gr.mr than the Jtlg!Mat datact•d concal'ltfation are excluded from the calculltiona. 
Analyte not dat.c•dwilh EPA d.ta. but reported with API data. 

8 Analyt• also detected In the a .. ociatltd method blank. 
Compound's c:oncantratton Ia ntlmated. Mus apectral data jndicatlt the p,.u.nce of a compound that rnaeta the ldentlficati< 
crhria fr>,r which the rea uti: la '*•• than th• tllboratory dalaetion limit, but gre.tar than Bro. 

N"J Not Deblcted. 
NA Not Applicable. 
N" Not Roapofled, or concentration below th• m1thod detection limit. 

Pet~ t.ming Anel~el Data SISJ'mllry Comp&li9on Page2 
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1*1(2 -·1h~yl)ptrthallte 
01-n-bu~Wf phf\alate 
2,4-0imit~phenol 

1-Meflytn.phhlleM 
2-Mal1)tne;phlhaten. 
2-MellylpMnol 

~---Naphthalene ---Phenol 

Alum!rwm 
Ana...,.. ........ 
Barium 
Chromlun~ 

""""" Copp« .... ..... 
M•ngann• 
Molybden1.1m 
Hickel ........ 
Sodium ........... 
Zinc 

Aluminum 
Antimony ........ ........ 
c.dmlum 
C!vomlurn 
Cobob 
Copp« .... 
l ... ... ._.. 
Nickol ·, ... 

FwtroMum U-atng ~ DM Sum'!'W)' ~ 

REFORMING CATALYST 

iam!volalll• Oganb- Mebodl1311_fln4112708p/t 
CASNo. R2-CR-01 ,_-.....:9R~Qtl: R7B-CA-01 fttEt_jj;Q'u{ Avanga Cone M..-dmum Cone 

117111 < 50 . - .. :~_:Nf:l < 50 ::--::-:.- .-:.-:·:O:-'£i.:.:l 521 01 

84742 <- 50 '_)fiil < so •• •• 105079 < 50 -:-j.ii < so 110 ... o 
00120 J 34 =-~ < 100 25 .. 
(11576 J 43 _m, < 50 43 43 
OS457 < 50 fit- < 50 ... 020 

"''A < 50 -- .. -:_.;:·:_,-,_·- <- 50 123 ... 
Sl't203 J so __ , . .,. < so •• .. 
85018 J 35 . :-:·:::::-·Mt: < 50 •• •• 

108852 < so :\if < 50 105 ... 
MelD- M•Vwds 6010, 700>, _7~1.. 7~~!?471, and7841 mglkt:l _ ____ ___ ---·--

R2-CR-Ot ~~:f-' R7B-CR-01 ~~~-~-·Avenge Cone MaxlmumCono 
742QSMJS 

" ..... 1< 74«J312 < , ...... 
74CN73 
74-4G4841 < 
7440508 < 
14-
743W21! < 

74300051< 74~7 < 
74«Kt20 < 
7782402 < 
74402351 < 
7440822 < 
74«MMftl < 

230.000.0 --- ,_ .::<: .c_7;iM 400.000.0 . ·-· ---j:U.-OQO 2SO.OOO 400.000 
12.0 _ .. _ ... ;_·· < 8.0 :.-:'.\:_.\::<.::::\:_=_ NR 8.8 11.0 

10.0 =.-.--.=---.---:·:~:_:=:::::;_;;~=~-- < ro.o :-=::·:·;:::_·_:;::=:~-:<'.fit~ ut.a .u:.o 
NO ',--,: :_ :: -:_·_: :_·:r,a NO ---:-;::.;:-=-:·No_ NA NA 

44.0 ::_:·:·:::.::;::::-::,-::;; -~· 25.0 .- :·::.-:::~-:~:d 128.5 550.0 
1o.o :.:-:-::-::::.:::=-:::: :,,_.-~~ <- s.o -----Jti.e 488.3 2,IXJO.o 
5.0 ,-<.:::--::.,=: ;.::·::---·):._ 20-.0 _:,_;· -·, --,-: ·-'10 1,374.& 8,100.0 

480.0 : ._--· ::-.-.-0--:'--.lf'. 21.000.0 -:·--.: · .. _ ·_ ': -,---: : NA 13,oeo.o s1,ooo.o 
3.o · :\':'=:::xJU < o.e: =:-: ;:=,:~:-t:'=.=,.-::_,_-111 21.1 180.o 
3.0 -'"::~,'-:)::.~:_j;f A3.0 . -;: :' ~--: -~;'7 43.7 180.0 

ts.o -- --<-:J.A 1a.o ---n:~ 1,.e1e.a 1o,ooo.o 
8.0 - _- _- __ ·_:_.: .. 12.0 - -NR- 73.7 220.0 
S.O :---':>:::·'--tift< 2.5 Nh 4.2 14.0 

1,ooo.o _·: >-:-<_ If\ < soo.o =--NB 2,166.7 to,ooo.o 
10.0 ,_-::: ... :: .. ,:,: .. i\1_(). < 25.0 : _.:J7.-4_ 21.0 18.0 

4.0 :---::_,:<~:'.N\ < 2.0 -- ·--~R 38.S 2,UOO.O 

Metals- Melhodl1311, 1010, 700J, 74~1, !410, 7471. and 7841 m~ _ _ 
CASNo. R2-CR-01 .. ~f;)A;-.. R78-CR-01 ~l~~~-1· AMngeConc Ma:dmumCcno 

742DOOS 26.00 ,._ --- .. ·- '_-lft MO.OO . -- ----~1\ 14t.72 360.00 

74«m0 NO - _ .. -.. :·-m NO ::··:0.17 NA NA 
7440312 NO -·::::t)~Jij NO -;-NO Nit NA 
74o10303 NO --,:_:- GMi NO ---0.3.7 NA NA 
7440438 NO :· ... := ND --~o;t- NA NA 
7440473 < 0.05 --'0-Mi ·:-0.2 0.10 0.23 
744D414 < 025 -,,_,-Mf\_ < . -::'-N~ 18,04 05.00 
7440501 < 0.13 .-_-_= NA < NR 10.30 41.00 
743Hte < o.so --Jifl_ e. -: -,_:--:_ ---NR_ 2.35 a.eo 
745021 < o.o2 NP -::::o~n: o.a 1.10 
74»M5 < o.oe - NR _ -~ .:NR o.a3 uo 
74o40020 < 0.20 NA .. :_-Nft. o.o3 s.eo 
771'241l2 < o.o3 HA < - ::.'.-NR o.os o.oe 
74400ae 0.01 :----~ < ---,,_.._~ 10.7; 00.00 

CM'Imentr.: 

Not•; 

1 Oet.ctlon 11mi11 gra11tr 1tw1r: the hlg~ dlllact~Jd conc.tlration •• ~from h eafculatlons 
2 AnatyN not dttac1ad will EPA deta, butr•portad wilt APt dale. 

B Anal~ also detected In tM usocfal8d melhod blank. 

Minimum Cone Commmts .. .. 
50 

•• 
" 50 
50 
27 
35 .. 

Minimum Cone Commenlo 
15<l,OOO 

OD 
10.0 
HAl 2 

il~.o 

5.0 
2.5 

120.0 
0.3 
1.5 

•• 
40 
0.5 

OOOD 

·~ 2.0 

Minimum Cane Commantl 

•• NA 2 
NA 2 
NA 2 
NA 2 

a.os 
)25 
J.13 
).50 
J.ll2 , .. , .. 
J.03 

:uo 

Compound'• ooncentrallonia ftllmat.d. Man apect'el da1a lndk:ala N ptet;tmee d • compound that mMtl tht~ ld111nllfleallon 
crlllllti& Jot wtictll'le f..uft b .... llan 1hllabofabry delecOon i!mlt. bul graalef·thanuro. 

NO Not Detected. 
NA Not Applicable. 
NR Not Reportad, or concantnrion be&ow the mltlhod datadlon limit 

-· 
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Acetone 
Ell-tflbenzene 
Toluene 
1,2,4-Trlmethylbenzene 
m,p-Xylanes 
Naphlhlllene 

Acetone 
Methylene chlaldo 
Methyl olhylkelono 

Bls(2-ethl'lhexyl)ph11lolate 
Dl-n-bulyl ph1halate 
7,12-0imethylbenz(a)anthr...
Benz(a)anthreceno 
Benzo(Q.h,l)perylene 
Benzo(a)pyr-
Ctvyoene 
Auaanthene 
Auorene --Pyr-
I-Mellrflnaph1halone 
2-Mellrflnaph1halone 
2-Metly~ 
Naphthalene 
N-Nitosodiphen)lamlne 

1-Mellrflnaph1halone 
2-Metlrflnaphthalone 
Naphthalene 

Petrot.Lm listing Ar.tytical Data Summary 

SLUDGE from SULFURIC ACID ALKYLATION 

VolatleOrganlca- Meth00826DAPQII<g 
CAS No. ReB-SS-01 flli~r~¥~1~ 
6764~ 7,000 •• . ··~~ 

100414 J 150 < >i ~ 

108383:~~ ~ ~~ ~! :!.jl;i 
TCLP Volatile Organics - Methods 1 ~H .arld 82tJOAI'g/L 

CAS No. ReB-SS-01 !'\1!8+8#<\\t1i{ 

~==IB El ill'I' !Sl 
Semlvolallle Organlca - Mothod 8270! 

CAS No. fi88-SS-01 .. 
117811 
84742 J 
5797e 
56553 J 

191242 J 
50328 J 

21801S J 
20644() 

88737 J 
85018 J 

129000 
90120 J 
91576 

33513241J 
91200 J 
8830!l 

TCLP SemlvolalleOrganlcs- Methods 1311 <lnO 8270B~tgil 
CAS No. ReB-SS-01 RiJBifllthtfS 

:::,~ :~t········•; ;!········~l 
91200 J 30 NR 

l'e .. 1 



AluminLrn 
Antlmoov 
Arsonic 
Barium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
~ 
Magnesium ---Morcury 
M~m 
Nickel 
Potassium 
Sodium 
VanadltJm 
Zinc 

Aluminum 
Antlmoov 
Barium 
Calcium 
Chromium 
Copper 
Iron 
t..od 
MagM&ium 

M--e 
Nickel 
Zinc 

P•lroteumUstlng Araytical Data S~o~mnwy 

Notes: 

SLUDGE from SULFURIC ACID ALKYLATION 

ITotaiMelale- lllethods6010, 7060,, :~:•,:,,:: ~~, :,:. 
CAS No. RBB-SS-01 RlllbSS.,.OJS 

end 7641 mg/kg 

B 
J 

74299051 1, tooj ·· F;i;~j 
7440360 ····· 
7440382 
7440393 
7440439 
7440702 
7440473 
7440484 
7440508 
7439896 
7439921 
7439954 
7439985 
7439976 
7439987 
7440020 
7440097 
7440235 
7440622 
7440666 

Metals - Methods 1311, 6010, 7060, 7421.7470, 7471, end 7841 mg/L 
CAS No. RBB-SS-01 RBB.,.S$'-018 
7429905 87.0 . · .. · .. ·· ... NR 

7440360 ND 1),211 
7440393 ND . bill 
7440439 430.0 NR 
7440473 15.0 • .• 2:8.4 
7440508 1.4 NR 
7439898 520.0 ,·.· ... NR 
7439921 1.1 . • 0.71 
7439954 58.0 .· NR 
7439965 3.7 . NR 
7440020 17.0 . ·• NR 
7440666 4.0 .·· ·Nf\ 

Anolyte also detected i• the essodoled method blenlr. 
Compound•• concet*ation 1s estimated. Maee spactal data indicate the presence of a compound tMt meets the ldentificat1on 
crit•ia for which the resuH Is Ieos then tho laborala'y detecllon llmil but greatot thon zero. 

NO Not Detected. 
NR Not Reported. 

Page2 
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81•(2-~phlhal•• 
01-n-but)llphthafaie ,..._,.,..,_ ... 
2-M.tJylpl'tenat 
314-~101 {\)tal) 
1-Matlylnaphlw.lene 
2-U. ... , ............. N--Phonal ...... 

.... mlnum .......... -""'""' Colclum 

"""""'"m 

""""" --...... Me-.... _. ....... 
Po1oulum -........ ·-Zinc 

Aluminum 

""""""" Barium 

""""""m .,..,..., -hen --· ....... -... 
Zinc 

HF Al..KYI.ATlON BUJ:JGe 

TCLP Samlv<HtlktOrganlcs- Me1hodl1311 and 827rBJtQIL 
CAS No, R3-HS-01 -~~-'f."i~-18' 119-HS-01 

117017 J 10 .... ·-- ,:.:::;-:~ JB 13 
AMraga Cone Maximum Cone 

12 13 

54142 < 50 --'-"" < 
105e1Q J 71 -._:_:_:·_-If\ < 

.. 120 .. 71 
U587 830 ,- :::~ < 

NA 1,200 - . ~--4;i$W < "'" 030 ... 1200 
U0120 J i7 ·:--fiR J .. w 
8151G 100 -::_-=~ < .. "'" D1203 320 ;_8\ < .. 220 

1DMI52 4,100 '·N\ < ... 4.100 
D5130 J 12 . His. < 12 12 

TotalfMI&II -MdKKilt!010. 7000.7-421,7470. 7471,ud7841 
CAS No. 83-w.J-01 M;.;tl!!""'a RO-HS-01 .-.~--~-1· AwnagaConc MufmumConc oeo.o · --- ---.,:.,;---=~;03Q 2.5804 e.ooo.o ,....,. 4,400.0 - ---- ... :'1,100 

14403110 < ... Nl < 0.0 Nl 01 30.0 
1- "'' , c.· "'~ < 1.0 ; .... ~ 3.4 "' 1 ...... ... o ······;·?~ < 20.0 .\.' .•.. ··~ ... ...o 
, ... 102 70,0110.0 &7,000.0 :.·_1: -~:=.-,:.:'~ 10S.eoD.O 200,000.0 
7-.73 50.0 ••• • •• .... , ...... 710.0 2i>il < ". :·.· .... - -i~ 145.1 710.0 
1440Sl0 ""'·" ----~_::;:::':·_;:~ .... g):--,_:;·-- =:.-::M .. , 000.0 
1- 20.000.0 120.0 :{ ........ ·.··'"" 5.CI032 """"'0 
743SKI21 110.0 1.7 i •.• :: 227 110.0 
1- 3.100.0 •!It 1,100.0 1,318.0. 3,700.0 ....... tiO.O . -3 :no •.<< .• ·:Jl ... .... ,....,. 130.0 215 220.0 

········;···~ 
2•7.& 13<>0 

1440011 4.100.0 ::f.R < $00,0 1,B25D 34,0)0.0 
17824>2 00 . --2.1 Nl <fll "" NA 
1<401!35 8.0».0 'Ni -4.100.0 

····~ 
10,000.0 18,000.0 

74<0022 te.o -,"--2.5 < 5.0 ... •• HS.O 
1- UO.O 8 aou 7.5 ~.; 311 1300 

TClPMetall- Method& t311, 0010, !0150- 7-t?1_, __ 7470. 7471, and784t _rn.~ 
CAS No. R3-He-01 , . .._..., .... .,:;a,.: IHI-HS-01 ~~~~~· AftfqeCoro Maxlmwn Cone .-- --- -=--·-tfl < 7....,. < 1.00 1.00 ·NI 1 ... 5.20 

74403110 < ~30 Nl < <>.30 Nl .... ~ .. 
7'40303 -U .., .... "" NA 
14404311 "0.010 .., ,., ... ..... 
7440102 ...... If! < 25.00 Nl 5211.03 2,00>00 
7440.,. < •).13 Ni 0.13 Nl 0 ... \l13 
143011l0 !.70 

. .,. 
< 050 Nl 1.00 >.ro , ...... U1 .·.100 < '"'" Nl 0.30 <m 

7440020 < ... Nl 0.40 'Iii 1.11 4.30 
7440007 11>l.OO '"' < 25.00 Nl ....... 1-00 
7....-o il.31 Nl 1>22 ... 0.34 ..... 

ComrrMiin11: 
t Oeteo11on Umha greaW hm the Ng\eat dalaolled conoenlratlon •r• excludad from tha calwllldona. 
2 Anatytt not dnlcted with EPA data. bul reported will API data. 

""''" B Analyil also dataolad In tha usocltt8d m111hod blank. 

Mlnlmun Co no Commoma 
101 1 
so! 
so! 

:i 
10 
20 
22 
50 
12 

-......eono Canmenta 
23.0 
0.3 
02 
1.0 

35,000.0 
0.1 
0.3 
0.1 

20.0 
0.0 

83.0 
1.0 
4,1 

25.0 
NAI 2 

4,100.0 
0.3 
1.1 

MlnlmU'Jl.Conc Carunon• 
1.00 
0.30 

NAI 2 
NA 2 

2500 
0.13 
0.50 

~-:i 
2s.oo! 

0.22' 

J Compeund'• concenr.Won ll .. tfmlled. Mus lj»>1ral dille lndc:n. the pr•e1c:a of • oompcund lha1 mM'k tn. ldentlt!oa'k>n 
crlla!tllfOf which the *ulfisl .. slh•n \he laboratory deMotion lknlt blrl ~klorthan zero. 

E Reporad corn::.ntratlon excaeda the calibration r•r.ge. 
t.c No! O.tfilt.cl 
NA 

"' 
Not ,t.wllcabla. 
Nol R&pOtt.d, or con::entrdon bekw the melhod detectton llmll 

Pftoleum Ld!Q A~ t.a Bvmm.r, C~~llftton P~e2 



ea ..... 
n-B~nzena 

Ethylbenzene 
p-laopropyftoluene __ ....... 
n-Propy!benzene 
Toluene 
1,2,4-Trtnethylbenzene 
1.3,5-TrinethytbenzMe 
o-Xylana 
m,p-Xyltnea N-
Benzene 
MllthyMona chbride 
Methyi «hyl ketone 

Acenaphthene 
Anthracene 
Benz(a)anthracene 
Berwlftuoranthene (lo-:ai) 
Banzo(g,h,i)porylono 
Banzo("'J>ll'8na 
bla(2-Einylhoxytplth
CorbazoB 
ctwyoena 
Olbenz(e,h}arthracent 
OibonzofiJ<an 
1,1 2-0imelhylbenz(a}anthracena ·-......... 
~ndeno(1,.2,3-cd)pyrena 

Pha....-na 
l'ylono 
1-r.tctv,lnaphtheHone 
2-Mith'llnaphthalene 

·--ylclvyHna 
Nap-

~rm.um lll11ng Anal"' i.-a~ O.t• Sumr~Wy Comparlton 

OFF-SPEC PAOOUCT and FINES from THERIML PROCESS 

Volatile 0-ganlca -
CAS No. +tft--TP-01 Average Cane MAll:imum Cone Minimum Cone 

71432 < 51' .. , 1,500 5 
l045l8 < 5 503 2,200 5 
1004i4 < 5 352 810 5 ... ,.. < 5 """ 1,000 5 
75002 NDI• ... "" NA 

103tl51 < • 411 1,200 5 , ..... < • """ 2,800 5 ..... < 5 t ,1!31 8,200 5 ,....,. < • 721 2,QOO 5 ... ,.. < 5 •w 2,500 5 
108363/10642 < 5 ••• 3,200 5 

81203 < • 1,C30 3,800 5 

TCLP Volatile Otgank:a -Methods 1_3_1 1 pg/L 

~~:~~ ~o-TP-~~~ . 
750G2 < 50 
781BJ < 50 

< AM-TP-:
1 < .. 

~~f~~ Ava,... C<:l Maximum eo;:' Mlnlnum eo,:l 
}y}'> '=~ 1: ::~ ~ 

Sem~ Olganica - Mathod 821'.~-~ 
CAS No. ~8-TP-G1 _:~-JP~m• AM-lP-01 ::-:6·--~lP:;~t~ Avaraga Ccnc Maximum Cone Minimum Cone 

833"' < -"""'';· ,,,. " . . . ... "·-
105 

120127 f,QOO .i -·_--==::=-.:··-:.".>'-1~~ J 2:,700 Jc. 2,1!81 G,400 105 
50553 20,000 ;> ·~,- 0,100 •.. . ",<78 28,000 

,.. 
"' 28,000 :_-, : __ .ta.-ooo J 5,100 J g,C28 28,000 ,.. 

101242 21,000 : .. :-_.-=.:-.-·-:-,-_-::}', 111i,OOO g,:!.C4 21,000 ••• 
503"' 33,000 · :.:~_- __ ,: __ (4,CQO 1S,oro 0, 1U~28 l3,000 105 

117817 < 825 -- .:-:::,:.-. NR < 4,125 < -_ a 115,:!4D !7,000 105 

< 1.250 J:-· 57 3,-;;se G,GOO 330 
2-4,(28 55,000 105 
·u:a2 u.,ooo 105 

< 

=~:r .. ••········· . a~~ 
4,1251 < "3 2,-;;28 15,400 105 

< 4,125 <::- •• •o5 1,200 105 
3,aoo -._,_, -- :-.-a. < 4,125 J:: ~ 2,~85 .,300 105 

J SKlOJ-- >.$40-< 4,125 J-: 1 3,<462 1•.-ooo 185 
3,(08 15,200 , .. 

13,,11 58,000 , .. 
10,5011 27,000 ••5 

J MOIJ · 360IJ 4,.wol J 2.000! 10,1!58 56,000 330 
17,tll4 ~g.ooo ... 
1g,<422 47,000 330 
a,e11 12,000 105 

f'oo--·1 

Comments 

2 

Comments 
2 

Commenta 



Di-n -but1fphthalate 
8enz(a)anltn.cene 
Senzo(ajpl"'flO 
8is(2-«h-yl) phlh ..... 
Cllrpono 
2- Molhylchrynne 
t-M«hylnaphlhalene 
2-Melhylnaphthalene 
Phenol 

Aluminum -8ooyOium 
Clln>mlum 
Cobol1 

"""""' -...... 
Mangeneae 
M""""V 
Molybdenum -.. ,. ....... --
Barium -tEAD 
Zinc 

Pltl/'0~ l~MW!g A.nalytle.tl Data Summary Com~on 

OFF-SPEC PRODUCT and FtNES lrcm THERtMI. PROCESS 

TClP SenWolatile Organics -
CAS No. Re-TP-01 

147-42 JB < 50 

"'553 < < 50 
50326 < < 50 

1"7817 < 230 
2•8Qtg < < 50 

3351324 < < 100 
to120 < < 100 
t157G < < 50 

1061il52 JB < 50 

Total Metals - M«hodl8010. 70d0. 7421,7-470, 7471, and 7&11 
CAS No. Ra-TP-01 ·;w.;·lJ)~$- RM-TP-01 

~EI 1g1··· :: 
7~731 < , ....... 
7-U0508l < ....... 
7o43W2t 

7.UQiile51 < 
7~7e < 
7~87 ....... 
na24g21 < 
74f0522 ,......, 

1.01 NO ... 
230.0 
• •• 
1.5 

0.05 
NDI 

... o 
••• 

OLD 
7.81 

·. NRt< 

··:·'·NRr< 

Ul 1.5 

TCLP Metals - Methodt 1311, GO tO, 7~. 7.~.2~ 1 7470, 7471, and 7841 rnw_~ 

Avera~ Co~ Mal!;imum ::one 
4l 50 
13 13 
10 10 
15 230 
35 JS 
15 15 
21 21 
2l 23 
11 11 

Average Cone Maximum Cone 
50B !30.0 .... NA .... NA 

13 3.0 

"" NA 
4.7 13.0 

275.0 800.0 
15 37 

•• 7.0 
0.111 0.10 

"' NA 

••• 120.0 
0.7 1.4 

1005 310.0 ... 20.0 

Minlrrum Cone 
14 
13 
10 
20 
35 
15 
21 .. 
11 

Minlrrum Cone 
20.0 

NA 

~I 
2.5 

10.0 
0.3 
1.5 
0.1 
NA 
8.5 
0.5 

2&.0 
2.0 

~8 No. Re-TP-01 -~1ft>_,~$- RM-TP-01 ·_,~-.PtP-~-CtJ·· Average Cone Maximum Cone Mtnlmum Cone 

r«<ooG31 Nol --_-. _-_--- ·o.aa NO - --<::--··_'o..o~ "" NAI NA 
74H&De < o.so · · ·,:: H~ < a.so ---.-·::c.:-:.Nft o.es 
743&,1D21 < 0.015 "Ntt < O.o15 < Q.~ 0.02 
7440GM 0.75 .N~ 1).31 ·...... 0.43 

CollV'l8nts: 

1.40 
0.03 

0.75 

1 
2 

o.tedion llmita greeter than the hlgheat datad:ed concarlrat1on eN Hduded from the calcultltllre. 
A.Mivt- not ~ltd with EPA data, but ,.ported wlh APt datiL 

Netas: 
Analyte also c:Ntected in the aasoclated method blank. 

0.50 
0.02 

0.10 

Comments 

Comments 

2 

2 

Commenls 
2 

B 
J Compound's ooncertrat+on 1111 estimated. Mus spectrel d!lta lndbda the presence of a compcund thai: me&s the ktenliftee.tJOn 

Cliteria for whkn the result a leu than the laboratory doJtedkm limit, but greater than zero. 
NO N!t Deteded. 
NA Net Applicable. 
NR ~ Repolhld, or concertrattOn bt!_fow the method detedlon limit. 

Pllg•2 



SPENT CAUSTICfrCJm lJQIJD DIEAlli«J 

Vo161 Otganfcs- --~~-d ~JlG/l 
M~t.TJOtl CAS No. >13-lT-01 -Ra+~:tT~S': R3-LT-Dl RO-U-o1 R13-lT-01 - 107041 16,000 .. -.. ;----:':'::)~_ < 50) < i,OOO F '[?''P ""'OOOB -.... 71-'132 J 

,: J __ ·:-;:;:~< < 5,000 J ;-_~- .'c,:~--~.~ J >120 J 
n-Butyibtrlzane 104518 .., J;.;-:;___ --~,~- .., 
HC-8u¥benane 1350M .'!: ,,, .. , •.•. ~ .., J:'-:-:-- _:_,,_,_,_~;~ .., 
C..bon- 75150 < < 5,000 

{J: 250 
E1hylbenane 100-'11-4 J 

~ ~···· . i;i < 

11,000 ...,, --· ..... .., .., 
p-I&OprO;))IItolutmll ... 70 !«> I'CJ 
n-~lbwlan• 103eS1 J 

.. E ~···· \}~ ~ 
< 5,000 ""' Tol...,. 1- J 2',000 020 J 

1,2,-4-Trlnett¥benune ...,., s·,ooo 2,200 
1.3,5-T tlneft¥benz.n. 1 ...... 1,800 .- :!;,1~ < 20,000 

~.r~ 
,..., J 

o-Xytene ... 10 2,600 .. ·:J~ < 2',000 1,500 
m.p-~ 108353/1 4,000 \=.--,_:. __ .:/:=:~ J 41,000 3,000 ..._....,"" - KJ BJ.-=:-=--.-·-:_: :'----~-~ !«> I'CJ ........... .._ ..... "'""" ·. ?~< 11,000 1,400 - ""'"" .. ..., 20,000 7,000 
·-~-2-p~ 10510t < 600 < < 0,000 =--:-:,_:_·:· flJl 1110 

~- 100425 < 600 < < ..... Ill 3,300 

R1~H~11,. AYeragaCono M&ldmumConc 
-- :.J(\,(00 ...... """""' -Mo ... 2,200 .., •• NA 

tD •• NA 

"" ... 1,400 
2.2?2 11,00) .., •• "' C·f'i:i •• NA 

·;.~ 2l5 ""' 1,1~ 4,-'IM 21,000 
~~ 10.53< SJ,OOO 

tao ..... 20,000 
1 .... -4,423 21,000 
1,400 0,718 40,000 ,., .. NA 

"" 3,tl53 11,000 
11,000 7,025 ...... 

"" ... , .. 
'If! .,. "'"" 

MmlmumCon(l 
sol .. 
" " .. .. N. 
NA 
50 .. .. 
50 .. 
50 

•• 
50 
50 
50 .. , 

Co1!1mantl 

1 
2 
2 

2 
2 

2 

CAJNo. Fl3-lT-01 ,.._~LT~~: Ra:_i.T-02 :~~'t~-~a- Re-tl-o1 fM'ilf-~18 R13-lT-Oi ft13~LT-018 A#erao-Cono MaxfmumConc MlnlmumConc Comnents 
2,4-~ toserv 2.57o,ooo J :--~~ J a..,ooo J ·--·:·-_-_&$» 34C·.OOO · ·= :250.9®" E •so.ooo e - ~009 815.883 2,5ro.ooo 1,ooa 
Fluaranthlne aoe.«o PC -- '·--qorl) M1 N) N) J -- . li$9- N:1 - _ N) NA NA NA 

mctene i5t31l < so,ooo 25,000 ra < uso m J &.eoo ut 2.~ s.aoc .tro: 
laophoJor-. ?eset < so,ooo 25,000 , __ --~ < 1.260 -·:=:_.-.,_::-: ftJ\ 1e.ooo m s.o"Ts 1e.ooc >400 
2-Meehrlphanol t$487 32,400,000 E:. 228;000 e-:::·· -_., __ .t3Qoioo SIQ.OOO - -_-... -_t20._COG E 1$0,000 E t.-~CJOO 5,7P7,433 32,400,00C 1,600 
3ft-Mdl(lpb8nol flA i4,aoo.DOG £.; 510,000 £-;:: ·:-·,::·~~ 17C.OOO :,:_:: ... ~~OQO 17,000 E 1.500,000 10,144.350 54,GOO,OOC t,100 
Pen~lc:lcpMnol 47305 It) K> . ::. __ _.-~ Nl J -_=-::::_.: .. :--_f.$)0_ N> N) NA N... NAI 2 
PheMniiiiM 8So18 NJ NJ -:.-.;:.;. ,-_-_--_M) N> -, >H,OOQ tLl - tp NA NA N.A. 2 
Phenoi 10fW52 t2,800.ooo- E~ 1,1500,000 E: :\'1_.~ 2<4..000 J ·-coo• J 5,100 ~.000 10,372,Ul-3 02.600,000 5,100 

&enlWNI'tlol tDeNs t, 130.000 .-_.-....•. · d",oro.ooc --~.--'.·.·.· ... ·.·. < 2,soo -... · ... "'. ·. J -4,400 S4Q,OOQ 1,434,550 o,o7o.ooc 4001 1-~~ 00120 < 100.000 -:N>. < 50.000 ;·--.::=::-: tt:) 33,000 ,.,,~ < 3,425 ~ 1Q,f100 33,00C .eoo 
2-Me1hyl~altne 01570 < 50.000 :-}() < 25,000 ._.::_:fie 22,000 ·ise;,OO!) < 1,71-3 t.D 7,203 22.00C 400 
NephV'!ellne 01203 < 60.000 N)i < 25,000 ·. rf:J :2a,OOO .. ·=:n,OOO 15,000 J ;l;l.OOQ 13,~ 2G.QOC 400 

PWot.um LdngAn~eaol c.- S11mmwy ~"1!.,'-oll ...... 



tPENT CAU811C 1roln UOUIJ lftEAllNG 

Total M.lal• -Math'* 1!1010. 70e0.,74_~_1, ?'470, 7_471, and7841 , ... .,. ____ ... -:·- . 
CASNo. R3-lT-01 -ftlit'lT~S:- R3-LT-02 -:M~L'r~ti .. ·. ·.··· .. ···· .·· I ............ . 74291105 fr«) - -.--.. --.-25 tc --

'R1$:-LT_...OU1, Avarage-Cone- MaldmumConc 
Aluminum ....... 
Ch"""""" 
Cobalt -..... lud --· .... _ -......... Sodium ...... , .... -

~ot- ...... ~Dam-BLH'IImary-C.....,.I*On 

7«0382 20-00 -. ri.7 5.00 < 
7440473 < 0.005 --fit < < 
, .. 40404 < 0.25 :t2:3: < < 
7440508 < G.013 fft < < 
,~ < 0.05 ... < < 
743Q021 0.21 :_:·_:-_:_ffi < 
7GIICSS < o.ooe :::~:::;_:::_;::::=~ < < 

~= < o.;: ~::.: :::;~t:<::·::-:; : < 
< 

7182C2 0..35 ->::".:_" . fit < 
7-<M0235 110.000 .:·,·:-_-: :-:· ~ 
7440280 < 0.05 -. <·--.::::~.::_: Ml'l < 
7440MO < 0.01 a:::-- .. ::·::ai < 

< 

Ccmrnenll: 
O..CIIon Mmltll w..-tMn .. hfFM1 dallcW conoar*llon .areucfudldfrom the ~Ilona 

2 Anllytt- not dl..-d will EPA data. but ntpolllld witt APt ..._ 

""'"" 8 AM!yiaPo 0.0'-<i In ...... -~dmethod blank. 

NJ 
0.10 NJ 

0.005 "' 0.25 "' 0.013 "' 0.05 "' 0.03 "' 0.001> HI 
0.005 - ~09084 

2.50 "' 0.03 "' 3&.000 ... 
0.05- "' 0.01 N) 

J Compound'• concem.tton t. •Vmat.d. Man .,eclrE cilia ln<loa• the Pf"8fK* of • ~X~mpound N meeta 1ha ldintlticatlon 
«HMta lot which ... , .. unla IN• than the~ dndon llml\ but g..W thlln mro. 

E Oonoantrdonuceedlh ~ a.bltw.lon ttMdr.rd 
.., llolo-.... ...... _ 
Nil NotRapotiad, or ~alkn btkM the mtlhod dltllcffon Bmll 

P..;~•2 

NA NA 
5.02 20.00 

"""" 0.015 ... "23.00 
0.025 0.061 

4.23 24.00 
0.00 0.27 

11000 0.018 
0.003 0.270 
52.04 300.00 

"" 0.05 ...... 110,(1(l(l 

0.11 0.30 
0.00 0.« 

MlnlmumConu Comments 
NAI 2 

0.10 
0.005 
0.25 

C.Ot3 
0.00 
0.03 

"'''" .. ..,. 
2.50 
0.03 

u.ooo 
0.05 
O.Ol 



"""""" ....... 
n-Butyt,wane 
Cori>ond ........ 
Ehy,_,_ 

-~ p-laqncfylloll.-.e 
-4-Moaihyl-2-peniMOM --n-Prq:toylbtnhM r.,.. ... 
1.2,-4 -TIIrnlllhylbenzane 
1.3,5-T-o-m.p-Xyl----........ 
Eh,htz.n. -T-
1,2,4-T-o--m,p-)(y'-e ---· ..,,,...,. .,.....,. 
01>..-... ........ -2-WIIih~u·ya~ 1-u.lh~ ·---.............. ........ 

Pftot.m Lllllft9An~l 04Calwnma;yCcnp.._ 

VoWUeOrger~lct-MIIIhoda2GM~_ ..... _ ..... 
CASNo. Rt-t.E-o1 'us-~~~-

ri:~ < :::: J >- ~:::::<::~:::i:~ : 
104&1>8 7, -~~~ J 
751/i() < 2. -:- -m < 

100U4 UOO .- ____ -.t.,a:t J 

1= J •. ···.·.•.·.··.··.·.·· •. •• .•. •.••••.·•.··• •.. •·• ••. •.•.• •• ·•.·.· •. ·.···.···.······:.;··.1···'. < 

1&1112 < :-·>-:>\·\'::- ·.'' < 
103151 ----'-·-=.--:: :- -l • .O < 
108113 ____ :_:.-::_-__ }> .... J 

DSCJO -.:-.-::-f&. J 1::: ·>:;-~::::::::~,:::: ~ 
toe:wsa/ 'DM2 - ·-· '=-= .-.-a.oco J ., ... 
TClP VdlfileOigamae-

CAS Ilia. Rt-t.E-G1 
..... 

1

8 , 
7102 < 

100i14 
, .... < 

1 ...... ..... ..... 
108333/10$23 

1113)31 < 

"""" J 120127 J 
2111C18 < 
1.,.... < 
IO'D? J 

"'"' J 
3351 ... < 

00120 
111578 
i1Z3 J ..... 

120000 J 

·~ ·~ ... J .., 
13, J 
v, J 

'· J 

< 
< 

J 

J 

"'I< ... < 

...... 1< . n.ooo < 

8lA.AR OOIIPlEX !IUIJGE 

Rl-t.E-o1 M4E41111 . ' ;r;~jl 
:,-:i 

Nljl 

···~ 

A\WaQeCcno ~ Cmc Mlnh'lum C:.nc 
1 .834 o.eoo 2s: 

""" ...., "" 1,830 7,200 25! 
120 l2C 120 

2'..21 0,800 160i 
NA W. NAI 
NA NAi 

10.,100 78.000 25 
ae tso 25 

1.t3) 0,000 25 
3.003 13,00C 280 

10.052 47,000 31{) 
3,02D 10,00(l 400 
3.7Z1 10,00(l laG 

11,314 54.000 460 
7,531 34,000 25 

A~cano IMidmumCmo 

.. 1 180 .. .. .. 
24 ... 
77 

124! 
224 .. 

""'"'""'"""' 50 ... 
so1 
24 
50 
23 
50 
so' 
14 

-~~. ~"""'.Cone Melltlml.m Ccno Mrotnum C<nc 
105 3.332 7,800o 

2.381 5,000. 
1,.313 2,1500 
1,03G uoo 
S,.te& 8,700 
3, tea e. roo 

eM t.o400 
25.051 38,000 
38.3)11 17,000 
~~ 11,000 

12.27G 27,000 
3.~ 0,.500 

...... 

"'" 105 
105 
165' 
<00 

""' ""' ""' 165 ,.. 
165 

Comm.-.t• 

• • 

""""""'' 

Comm.-.ta 
1 
1 
1 
1 



Banz~ajp;<ra1a 

81•{2-elhy-lh~phflalal9 

01-n-botyl f:illhalale 
t -~Mflh!hakria 
2 -Moathy!Mphlh,.,. 
3/4-MCI!hylptvlol (Ida!) 
N~lhai«>a 

f'tl..,.!W'lfflrWl• 

""~"' 

>um"""' 

""'""'"Y Anonle 

"""""' C-k.m 

""""m 
""""""' ""'"' ('.(llp• .M 
l ... 
Magn•lum -·..,.,.,_~ 

Nlcklll 
S.._.,lum 
Sodllm 
Vlr!adlnn 
Zhc 

...... b 

""'""' """~ Ol1cmln! 

""""' Cq>p• .M 
l-' 
Mwlgan•• 
Nickel 
SfllMium 

"" 

~alw.Jm lhll~'ll Mtllyfcal0-!llmwt1e.ryCornpa;... 

8\A.F\1'1 OOMPlEX SLliJGE 

TCt.P Swnlvol•t~torganlc.- Mllth<lds 1311 «<<f&VIB~ 
CAS No. Rl-M::-01 Rf-:i-IIE~'tS R&-r.E-o-1 

50328 .B 1& - ~ < 
117817 J 8$ Nt J 
84742 < 50 .--N\ JB 
90120 J 7G -. Nf\ < 
8157& J tH - -, t..R < 

NA < SOJ ·J.f< 
813)3 J G3 NR < 

85018 J U' ~· < 
loe952 < 50 fol\ < 

-~iE"'ll .· .. ·••·!Oil 
!Oil ... •.•. If' 

·:1 
:·':::~~--:: 
.... 1 

~Ccno MuJnnn Cmn ••i •• .. .. .. 14 
10 .. .. .. .. ,,. 

Tctal w•- Malh~eoto. 7(1!1), 742t,_74JY,_7471,Md7e41ft'IQI1co 
CAS No. Rt-M:-01 R1-4ti~•: M-JIE-ot .Wf~:4#J.: AwnQeCcnc MlldlnumCcnc 
7431905- 230.0 -··-A4J1 < 20. :,:_::,:·,:·:::,_-:22.· 87&.0 3.«XJ.O 
74«13&0 < &.0 t«); ::>.-:'_·-:_--_:: ·:·- -.10 13. 35.0 
74«1382 33. oa. ::- .:-:-<:·::-::: :1~·-· 34. 12(10 
7440393 10.1 -:.-'':-·--:- _M! NA 
74-~J43P u -:-·:.' .. ~ < ::;:-:,:::,~':·::_::(:=.'-~ a3 
744J70'2 7,70M .. . < ':.->-::.):-(-'i'fl 14.000.0 
7440-473 210.t ·:: ---:- _14. IlOilO 
74«J.484 tl. 12..-f < ·--=-.'2.0 38.0 
14«>506 87. t11 . :---C..4 15110 

743lJ6GIJ 170;000.0 ~ ::: =---~ 220,000.0 
7~1 < 0.3 ~ < - .. ,._,_- __ .Je 2.7 
7~54 2.300.0 _. ;f\ < ·:-'-;-~ 2,3CO.O 
7431XMSS t,anM --~ o::::;. __ t~ 1,80).0 
743DG8-7 to.o 24 - < - -•• e M.OI 
74«1020 eo, re " -_-.a 1soo 
7782402 t.mt ··21a -o. t troto 
7«0235 51,000.0 hft < til 51,000.0 
74«)522 31!1. -11 < . :-- .-- frr«) 38.0 
744leM ae_ 4?.3 -·=ru ee.ol 

TClP ,...,. - Whodl1311, 0>10, 10154 1<42\, _7470, 7471, nf 71141 mg.\. 
CAS No. Rt-t.IE-01 R1-N£41B RS-M:::-o-1 ~-~· Aver.goCGnc MllldlnlmCmc 
74«)3e2 < O.O!i I'll 0. ::--.--:_ .... :-M 0.14 O.<W 
7440303 < 1.00 -.: iJ.11 2. - ------:::·:·:.0.- 1.34 2.70 
7440439 51.01 --_-:-.-:~ < 25.00 .. ·.:::.:-. 132.20 400.0() 
14«)473 < Q,O$ 0.1 0.$ 41 0. 0.12 
74«)484 < 0 :-tfl < 0. -"" 0. 0.01 
7o44050a < (U f-It 0.41 _NA 0. t 0.41 
7o43989& 2MOO N\ S7Q - NA 2V8. 570.0 
74131Mn1 < o. u O.os:i o. u 
1439985 NR 1 t.CO NFI :tam 
7440020 < Nf\ a '-· _ --NA s.sto' 
1782402 < O.OJ . "" < 0. : ::-.:-~ 0.12; 
744l&M < 0.10 NR ~- _-- NR 2.40 

c"""""" 

Notes: 

o.euon fmltl QfMI«Nn flehlgheM clelctedcmc.creMan .. -=hdad from 11M cakulelkiM. 
Anaytanol <h!lected -Mil £PAdala, butnp«ttrd wfthiP dlhl. 

Q AMtvt• al~ dst«:led h h -.ocl-.:i mllhod blri. 

""'"'""' """ •• 50 

•• •• 
" .. 
•• •• .. 

-..eon. 
20.0 

••• ••• NA 
0.5 

!100.0 
18.0 
5.0 

7li.O 
28,(00.0 

• •• 
!IOD.O 
IO<lO 

••• 
UI.O 
0.5 

5000 
5.0 

10.0 

"""""""' 

""""""" 

2 

""""""" 

OcmpCll.lf'IC'• concenlrtlfioo II: ..ttmal9d. Min .,.mal dale hdlceUh ~ d acarpcundlhlllmeell 'he ldlrlliHcalkn 
cffl.ta for Jillhlch 1M rliiUitfllliiiSIIWt h hibohiiCIY d81ctlm ltnft, bul g~ fwl zwo. 

~ NotOelacttct 
NA Nol: Appbble. 
NR Not Rap«t~. OfCOOOCintrlllon bek:JII'I'therMihod dlllecikn lmlt. 

-· 



Acetone 
Acetonltrie 
Benzene 
tert- Butylbenzene 
Carbon d~lfide 
Ethylberuene 
n- A"opybenzene 
Toluene 
1 ,2,4- Trt"t''S1hyfbenzene 
1 ,3,5-Trinethyfbenzane 

Methylene chloride 
Methyl ethyl ketone 
Neph1hslene 
o-Xylene 
m,p-Xylenes 

Acetone 
Acetonib"lle 
Benzene 
MethylenQ chloride 
Naphhlene 

01-n- bctyl phlhalato 
2-Methylnaphtheilena 
Ne~phttm.lene 

1 - Methy nophlhalene 
CtTysene 
Auoranthene 
Phenanth'ena 
Pyrane 

Bls (2-ethythexy~phlhalate 
01-n-bctyl phlhalato 
Naphtllolene 
Phenol 

PetroleumUstingAnstytic81 Data SummewyComparison 

CLAUS CATALYST from SULFUR COMPlEX 

Volatile Organics - Method 8260Apg.l<g 
CAS No. Rt-SC-01 Rl -"SC;.:dl$ 

67641 2.500 . •. : No 
R4:.0st;i_o1s Average CO!'IC R4-SC-·l1 

75058 < 625 '>' ' • NFI 
71432 NO J < ·•··· .... ~ 
96066 NO J • .>. · •·'···.···•· 130 
75150 NO .. · .. , ·. ND 

100414 No J > •/'auf 
103651 NO J ) \ ~~ 1::= < 2.!: Ici!'i;l~ 1
§ 1i:~~2>;i1i.E,< 
95476 NO J '' : /:' liSCi. 

108383/106423 NO J .: . i490 

100 
21 
NO 
NO 
ND!J'' 
NO 
NOI .. 

5 J:: 

.. . 19 873 

f.if:l 21 
2;3 NA 
NO NA 
2.2 NA 
NO NA 
NO NA 
4.8 93 
Nd s75 
Nl) NA 

'M NA 

.NR -. 1.$ 5,875 
1.7 NA 
1.6 NA 

TCLPVolatile Organics- Methods 1311 end 828QApg!L 
CAS No. RI-SC-01 Rl'\~;f()f$ R4-SC-01 IM400"'0tl~ Average CO!'iC 

67641 1140 , . NR < 50 . N!'\ 313 
75058 < 50 NR NR 87 
71432 NO . ··.·• .. No Ill NA 

75092 < 50 :.:NR < 50 NA 77 
91203 160 ·'.NA < 50 NR 87 

Semlvolatlle Organics - M- 82708 PIJ>I<!1 . 

M!OOmum Cone Mnrmum Cone 
2,500 20 

21 20 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
180 5 

2,600 5 
NA NAI 
NA NA 

1,>400 20 
17,000 5 

NA NAI 
NA NA 

Maximum Cone Mlnlmwn Cone 
840 50 
100 50 
NA NAI 
130 50 
160 50 

CAS No. Rl-SC-01 Af:CSC#II'tS R4-SC-01 
64742 < aso ' : , ••·•·. NR < 165 

Averaga CO!'iC Maximum Cone Minimum Cone 

91576 J 240 J "W.lio " 165 
91203 4,200 >ii,4oo < 165 

235 330 165 
1!10 240 165 

1,510 4,200 165 
90120 J 200 J > 440 " 330 200 200 200 

218019 J 68 .· NR < 165 
206440 1,000 J . ( 2,300 410 

68 68 68 
548 1,000 165 

85018 2.800 ... · . • 5,000 670 
129000 J 500 J . ::c..lllll " 165 

1,212 2,600 165 
277 600 165 

TCLPSemlvolatileOrganlcs- Methods.1311 and 8270Bpgil 
CASNo. RI-SC-01 Jlf48Q1,ii(. R4-SC-01 

117817 960 ·. · •• NA J '6 
64742 < so ./.: Nl'l " 50 

Riii'itigihs Alrerage Cone Maximum Cone M<nlmum Cone 
NA 359 960 16 
NR 12 12 12 

91203 J 86 .' •> . NA < 50 NA 82 86 so 
108952 < 50 • NA < 50 NR 14 14 14 

·-· 

Comments 

2 
2 
2 
2 
2 
I 

2 
2 

2 
2 

Comments 

2 

Comments 

Comments 



Aluminum 
Arsenic 
Beryllium 
Calclum 
ton 
Mongsnase 
s.r.n!um 
Sodium 
Zinc 

Aluminum 
Barium 
Calcium 
Iron 
Manganese 
Zinc 

Pelroteum Uatlng Analytical Data S!Jn'UT\Il1Y Conparison 

ClAUS CATALYST from SULFUR COMPLEX 

Total Meials- Mothods6010, 7060,7421, 7470· 7m,and 7841 mgn<g 
CAS No. R1-SC-01 I'IH~7!rlll' R4-SC-01 IW"I!97!11 S Awnoge Cone Moxlmum Cone Minimum Cone 
7429905 1511,000 .i .. , l!t;$0!i 260,000 . 18,200 180,000.0 260,000.0 130,000.0 
7440382 13.0 

><;\~~ii ~ 
5.0 NR 9.3 13.0 

7440417 1.3 1.0 0.58 0.9 1.3 
7440702 < 5110.0 22,000.0 NR 7.-.7 22,000.0 
7439896 130.0 71.0 NR 140.3 220.0 
7439985 ND 

;,;i~!l\~!~i 
ND 38 NA NA 

7782492 < 0.5 < 2.5 NR 1.1 1.7 
7440235 2,400.0 < 1,000.0 • NR 1,700.0 2,400.0 
7440666 25.0 51.0 23.2 28.7 51.0 

TCLP Melals- Melhoda 1311,8010, 7060.}421, 7470, 7471,ond 7841 mit/L 
CAS No. R1-SC-1!1 ~J\i~!J.l:tf!J:!ll; R4-SC-01 fl4-~-01S Aver- cone Moxlmum Cone 
7429905 18.00 '' o\• ··NR 110.00 NR 58.67 110.00 
7440393 ND { O.o:i7 ND NO NA NA 
7440702 < 28.00 · · .. ;:· >, NR 840.00 NR 230.00 640.00 
7439896 1.80 . . ( • Nl< 5.70 NR 4.67 6.50 
7439965 0.18 ' : • : J'!l<. o.38 NA 0.28 0.38 
7440666 0.42 ot-lfl 0.63 NR 0.38 0.63 

Comments: 

5.0 
0.5 

500.0 
71.0 

NA 
0.5 

1,000.0 
10.0 

~lnlmum Cone 
18.0 
NA 

25.0 
1.8 
0.2 
0.1 

1 
2 

Oetect1on limits g•W than the highest detected concentration ere excluoed from the calculatiors. 
Anolyle not del8clad wl1h EPA da1a, butrepatad wllh API dota. 

Noles: 
Anolyle also d-In 1he usoclaWd me1hod blonk. 

Comments 

2 

Comments 

2 

B 
J Compound's concerm-ation Is eo!lmatod. Mass spectral da1a Indicate 1ho ptoaonco of a compour1d lhat meols 1he ldontiffca~on 

crlterlo for which lhe r .. ult lo 1 ... 1hen lhe laborator1 detection llmH, but groatsrlhan Ze<o. 

ND Not Do1ectad. 
NA Not Appllooble. 
NR Not Roporllld, or concontratlon below 1ho mo1hod dotoction limit. 

Page2 



APPENDIX C 

Summary of Runon/Runoff Information for 

Crude Oil and CSO Sediments 



Runon/Runoff Controls for Land Treatment Units 

Crude Oil Ta.nk Bottom S!udl' (18 onsite LTUs) 

Severity of the stonn event that the unit's runon/runoff control system is designed to protect 
against; 

~ 
1 

100 yr 
8 

No response 
3 

Type of runon/runoff control system in place (more than one may apply): 

Benns to prevent water running onto the unit 
Benns to prevent water running off the unit 
Benns to prevent flood water from reaching the unit 
Dikes to prevent water running onto the unit 
Dikes to prevent water running off the unit 
Dikes to prevent flood water from reaching the unit 
Diversion ditches to prevent water running onto the unit 
Diversion ditches to prevent water running off the unit 
Diversion ditches to prevent flood water from reaching the unit 

Where is runoff sent: 

Onsite wwrP 11 
Offsite wwrP 1 
Evaporation Pond 1 
No runoff 2 
No response 3 

Stonnwater control 

10 
lU 
2 
6 
7 
4 
2 
3 
0 

• 16 say that (X)IItact with stonnwater is possible; 2 say it is not possible. These 
One facility says that contact is not possible due to a 3 foot benn around the 
unit. One facility says that contact is not possible due to dikes around the unit 
which routes stormwater to the wastewater treatment plant. This facility also 
did not respond to the remainder of the questions in the table, accounting for 
most of the •no responses• that follow. 

• 9 of 18 manage their stonnwater under a permit. 



• 13 are not in floodplains, 1 is in a 500 year floodplain, 1 is in a 400 year 
floodplain, 2 are in a 100 year floodplain, and 1 did not respond to this 
question. 

Distance to nearest downgradient waterbody: 

< 114 mile 6 
114-112 mile 4 
1/2-3/4 mile 2 
3/4-1 mile 1 
>lmile 3 
No response: 2 

Water body names and details on surface water monitoring (e.g., data, reason for · 
monitoring} are provided, but are not included in this report. 

Features affecting movement of surface water between unit and water body: 15 have such 
features, 2 do not, 1 provided no response. 



CSO Sludge (9 onsite LTUs) 

Severity of the stonn event that the unit's runon/runoff control system is designed to protect 
against: 

~ 
3 

~ 
1 

No response 
1 

Type of runonlrunoff control system in place (more than one may apply): 

Berms to prevent water running onto the unit 
Berms to prevent water running off the unit 
Berms tu prevent flood water from reaching the unit 
Dikes to prevent water running onto the unit 
Dikes to prevent water running off the unit 
Dikes to prevent flood water from reaching the unit 
Diversion ditches to prevent water running onto the unit 
Diversion ditches to prevent water running off the unit 
Diversion ditches to prevent flood water from reaching the unit 
No response 

Where is runoff sent: 

Onsite WWTP S 
Offsite WWTP 1 
Evaporation Pond 1 
No runoff 1 
No response 1 

Stormwater control 

• All 9 say that c:onw:t with stoimwater is possible. 

• S of 9 11W18&C their stonnwater under a permit. 

6 
6 
1 
2 
3 
2 
1 
1 
0 
1 

• 7 are not in floodplains, 1 is in a 500 year floodplain, and 1 is in a 100 year 
floodplain. 



Distance to nearest downgradient waterbody: 

< 1/4 mile 2 
1/4-1/2 mile 3 
1/2-3/4 mile 1 
314-1 mile 2 
> 1 mile 1 

Water body names and details on surface water monitoring (e.g., data, reason for 
monitoring) are provided, but are not provided in this report. 

Features affecting movement of surface water between unit and water body: 8 have such 
features, 1 does not. 




